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NEW POLICIES FOR GENETICS 
Effective with Volume 45, 1960 


1. GENETICS will be changed from a bimonthly to a monthly journal. 
2. The annual volume of the journal will include a minimum of 1,000 pages. 
The Editors expect to include enough additional pages to print all acceptable 
manuscripts if funds are available. 

3. The subscription rate will be $12.00 for a complete volume (January- 
December). Foreign postage will be $1.00 extra. Single copies will cost $1.50. 

4. Contributions to GENETICS may be in the field of genetics proper, or in 
any related scientific field if the work reported is primarily of interest to geneti- 
cists. 

An author is expected to submit to the Editors two typewritten copies of a 
manuscript, including an original typed copy. Manuscripts must be double spaced 
throughout, including the footnotes, tabular material, legends and Literature 
Cited. 

5. Each paper published will show the date that the manuscript was received 
at the Editorial Office. Ordinarily, papers will appear in print in the order they 
were received as manuscripts, but manuscripts will be classified according to 
whether they are short or long and the two will be processed on different printing 
schedules. 

a) Short papers are those which are no more than four printed pages in length, 
including tables and figures. They must conform to the standards and to the 
general usage in GENETICS, and will be reviewed for quality and scientific merit. 
Every effort will be made to publish short papers at an accelerated rate. Hence 
they may appear out of order of date of receipt in comparison to long papers. If a 
paper is more than four printed pages in length, it will be treated as a long paper 
in the printing schedule. 

b) Long papers are those which are longer than four and up to a maximum of 
20 printed pages including tables and figures. They will be accepted for printing 
as in the past. Each monthly issue of the journal will include both long and short 
papers. 

Papers longer than 20 printed pages will not be accepted for printing except 
by special vote of the Editorial Board. The author will be expected to pay the 
costs for printing and handling the extra pages. The additional pages will increase 
the length of the volume rather than replace another paper. An author who sub- 
mits a long paper can expect a delay in printing of the paper because of the extra 
time needed for processing by the reviewers, the Board, and the Editors. 

6. In order to help us expedite the printing schedule, an author should prepare 
his manuscript according to the following instructions. Failure to do so can lead 
to delay of appearance of the paper in print and may result in charges against 
the author for extra printing costs. 
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a) Manuscripts must conform to the general usage in GENETICS, particularly 
in regard to references to literature, arrangement of Literature Cited, and in- 
clusion of a Summary. 

b) A gene symbol should be defined or identified with the mutant character 
the first time the symbol is used in a manuscript. 

c) Excessive footnotes are to be avoided. Footnotes to text statements may be 
included in the text (parenthetically if necessary ). 

d) Tables must be typewritten on separate pages with double spacing through- 
out, and must be arranged to conform to journal page size (5 x 73g). 

A table should include title, column headings, and footnotes in accordance with 
general usage. The author is expected to send a copy of the tables in form such 
that the printer can understand how to set the headings and the body of the table. 
A table than can be fitted only lengthwise on a page and that fills only a part of 
the page cannot be accepted. 

Very complex tables, such as those using headings that cannot be set in type 
or using many symbols, can be accepted only if the author includes a reproducible 
photograph which can be reduced to page size. 

An author should be guided by reasonableness as to the number of tables and 
amount of tabular material he submits. He may be requested to delete some of 
the material if that seems advisable. 

Reference tables with a large amount of detailed data will not be printed. How- 
ever, any extensive tabular material that cannot be printed will, on request, be 
kept on file at the editorial office, provided two copies are furnished by the author. 
A footnote to a text table based upon the material in the reference table can be 
used to refer to the information kept on file. 

e) Legends for figures must be typewritten and double spaced on separate pages. 

Material for figures should be original drawings. Illustrations should be 
mounted in final form for engraving. Clear photographs of line drawings usually 
are satisfactory. Figures should be prepared so that they will be legible after being 
reduced to a size to fit the printed page. Photographs and drawings substantially 
larger than a typewritten page are likely to be damaged in the mail and should 
not be sent to the Editors. Reviewing of the manuscript is facilitated if photo- 
graphic copies of the figures are included. 

f) Drawings, mating-type charts, chemical structural formulas, and other 
sketches or complex charts made on typewritten pages cannot be accepted unless 
a photograph acceptable for engraving is included. The illustration which is 
photographed must be legible and understandable to the reader. It is preferable 
to treat the illustration or chart as a figure because it may not be feasible to include 
it on the printed page exactly at the place referred to in the text. 

g) Complex mathematical formulas are preferred in the form of reproducible 
photographs. If a formula is received in typewritten form, the author must assume 
responsibility for its accuracy, including differentiation between letters and 
numbers where misinterpretations might be made (such as the typed letter | 
and the number 1). An author who sends a typewritten formula which is illegible 
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or in which the arrangement of the symbols or the intention of the author cannot 
be readily determined, will be asked to pay for the extra printing costs when 
corrections in galley proof are made. 

Data which are used in the text in semitabular form should be prepared as a 
regular table unless it is permissible to put part of the material at the bottom of 
one page and the other part at the top of the next page without duplicating 
column headings. 

7. An author will be expected to pay all extra costs for printing and handling 
of a manuscript which are made necessary by any of the following conditions: 
changes in galley proof not due to printer’s errors; extra pages (more than 20 
printed pages) when accepted; changes made necessary after type has been set 
because the printer could not interpret the intention of the author due to illegi- 
bility of the manuscript, inadequately marked or poorly prepared copy of mathe- 
matical formulas or symbols, or inadequately organized tables; and preparation 
of drawings for photographing of charts, chemical formulas and sketches when 
the author sends copy only on the typewritten pages. 

8. The Galton and Mendel Memorial Fund established in 1923 from donations 
of biologists and other persons interested in the progress of biological discovery 
is available to be applied toward the cost of reproducing illustrations and of print- 
ing expensive tables and formulae. 

9. The manuscript of a published paper will not be returned unless the author 
so requests. 

10. Galley proofs will be sent to authors but page proofs will not be sent. 
Authors should leave forwarding directions whenever they are away from the 
address sent with the manuscript or should make other arrangements to have 
the galleys corrected promptly. Send corrected galley proofs to the Editors. 

11. Reprints are to be ordered directly from the Editors at the time galley proof 
is returned to the Editors. The author will be billed in accordance with a schedule 
of charges which represents the costs for printing and handling. Copies of the 
schedule will be available from the Editors. 

12. Manuscripts and correspondence should be addressed to the Editors of 
Genetics, Experimental Science Building 122, University of Texas, Austin 12. 
Texas. 








ABSTRACTS OF PAPERS PRESENTED AT THE 1959 MEETINGS OF 
THE GENETICS SOCIETY OF AMERICA 


University Park, PENNsyLvANIA, AuGusT 31 TO SEPTEMBER 2, 1959 


ABRAHAMSON, S., and L. P. Fanate, Rutgers University, Newark, N.J.: The Induction by 
anoxia of melanotic masses in Drosophila.—Prolonged anoxia (1-2 hours) was discovered to pro- 
duce large m2lanotic masses, which resemble the tumors described for Drosophila by other in- 
vestigators. These masses develop in the anterior abdominal region from within minutes after the 
treatment to about 48 hours later. No flies of the genotypes studied were ever observed to have 
melanotic masses except when produced by treatment. The flies bearing the masses become in- 
creasingly feeble and with rare exception die within two days.—Preliminary experiments have 
shown that several variables significantly influence the frequency of melanotic response. These 
are: (1) genotype (a range of 2 to 80% was obtained with six genotypes examined); (2) sex 
(females are more susceptible than males): and (3) age (0-12 hour adults demonstrate the lowest 
frequency )—-Studies are in progress to investigate the nature and development of the induced 
melanosis. (This work was supported by a grant from the National Science Foundation and the 
Rutgers University Research Council.) 


ADELBERG, Epwarp A., and Saran N. Burns, (Introduced by I. Micnaret Lerner), University 
of California, Berkeley, Calif.: A variant sex factor in Escherichia coli—The sex factor (F) of 
Escherichia coli belongs to the class of genetic determinants called episomes: determinants which 
can exist alternatively as cytoplasmic particles or as attached chromosomal elements. The origin 
and properties of a variant F will be described.—The wild type sex factor (F1) of strain K-12 is 
characterized by its low affinity for the chromosome and its lack of any preferential site of 
attachment. The variant sex factor, F*, arose in Hfr strain P4x, in which F! had been stably 
attached to the chromosome between the loci prol (controlling proline synthesis) and lac (con- 
trolling lactose fermentation). In oriented chromosome transfer by P4x, prol is the first marker 
to be transferred and lac is the last; the attached sex factor is linked closely to lac.—Strain 
P4x gave rise spontaneously to strain P4x-1, in which the sex factor has acquired two new 
properties: its attachment to the chromosome is unstable, kinetic studies of zygote formation in- 
dicating a rapid alternation between the attached and cytoplasmic states; and it exhibits a high 
and specific affinity for the site at which F' had been fixed. The latter property is recognized by 
the fact that infection with F? converts F- cells into donors which transfer their chromosome at 
high frequency and with the same orientation as Mfr strain P4x. It is proposed that F? arose by 
genetic exchange between attached F! and chromosome: the incorporation of chromosomal ma- 
terial would explain the high affinity of F? for the original site of attachment. 


ALEXANDER, Mary L., Biology Department, University of Texas, M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas: Mutation rates at specific gene loci with different total doses 
of X-radiation——The mutation rates at the autosomal loci of ru h th st p? cu sr eS on the third 
chromosome of Drosophila melanogaster have been tested for mature sperm using 900r of X- 
radiation. Twenty-three mutations were recovered in a sample size of 54,683. The average rate of 
5 X 10-° per locus with 900r is slightly less than one third the rate of 17 x 10-5 per locus with 
3000r. Mutation rates for visible mutations at specific gene loci increased in a linear manner with 
an increase in dosage. The average rates per r per locus were 5.7 X 10-8 with 3000r and 5.8 x 
10-5 for 900r. With 900r, 40% of the mutations were lethal or semi-lethal; with 3000r, 60% 
were lethal or semi-lethal. Fifty percent of the mutations were associated with chromosome 


aberrations with 3000r but only 20% of the mutations showed aberrations with 900r.—Com- 
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parisons of mutation rates in sperm and spermatogonial cells with 900r are more exact than in 
previous tests. The average mutation rate for spermatogonial cells of 1.5 x 10-8 per r per locus 
has been calculated using 15 independent, cluster mutations. The 95% confidence limits do not 
overlap those for the rate with mature sperm. A comparison of mutation rates based on point 
mutations (mutations not associated with chromosome aberrations) shows little or no overlap in 
the confidence limits of the mutation rates in sperm and spermatogonial cells. Selection of 
chromosome aberrations from spermatogonial cells is indicated by their absence in the gonial 
tests. The higher mutation rate for sperm using point mutations indicates, in addition, sensitivity 
differences in the two types of cells. (This work was supported in part by Contract AT (40-1)- 
1828 with the U. S. Atomic Energy Commission. ) 


AvTrenBuRG, Epoar, and L. S$. ALreNsurG, Rice Institute, Houston, Texas: Comparative cross- 
over rates in the trans and cis arrangements of alleles at the white locus in Drosophila—Studies 
are being made of the relative crossover rates in flies heterozygous for apricot and white in the 
trans and cis arrangements, using Lewis’ attached-X stock with Cy and Ubz inversions in the 
second and third chromosomes to enhance the crossover rates at the white locus; and also the 
rates in flies heterozygous for Brownex and apricot in Jupp’s unattached-X stocks. Results to date 
indicate that there may be a significantly higher crossover rate (P = .05) from trans to cis ar- 
rangement than from cis to trans arrangement in the Lewis stock, based upon the finding of 28 
females with the cis arrangement among 170,000 females with the trans arrangement (a rate of 
0.0165 + 0.0031%) as compared with five cis females among 58,000 trans females (0.0074 + 
0.0033%). In the Jupp stock, however, the rate from trans to cis, although larger, is not signifi- 
cantly greater than that from cis to trans, based on 39 cis females found among 426,000 trans 
females (a rate of 0.0092 + 0.0015%) compared with two trans females among 43,000 cis females 
a rate of 0.0046 + 0.0034%). These rates, if confirmed by more extensive data, would indicate 


structural heterozygosity at the white locus. In the case of the Brownex-apricot heterozygotes, 
the white “exceptions,” previously reported by Jupp, were recovered, which would also indicate 
structural heterozygosity at this locus. (This work has been supported by a grant from the Na- 
tional Institutes of Health, U. S. Public Health Service.) 


A.rensure, L. S., and Encar ALTENBURG, Rice Institute, Houston, Texas: The mutagenicity 
of 2,5-bis-ethyleneimino hydroquinone in Drosophila.—About .001 ml of an aqueous suspension 
of 2,5-bis-ethyleneimino hydroquinone in concentrations varying from 5 x 10°? M-to 5 x 10-2 
M was injected into the abdomens of young males of MuLier’s Maxy stock, the females of which 
are heterozygous for 13 recessive visible mutations in the X chromosome. Over 12,000 daughters 
of 125 injected males were examined for “Maxy” visibles, and in addition more than 1,000 of the 
daughters were tested individually for the presence of lethals. A total of 16 visible Maxy mutants 
were recovered. Of these, 11 had the distinctive light apricot eye color possessed by Maxy eye- 
color mutants when in a Maxy female homozygous for vermilion. There were also two f, one y 
mosaic, one odsy, and one ct. Of the 16 visibles found, only three proved to be transmissible and 
viable (g, f. y), four were associated with lethals, and nine were sterile, died before they could 
be tested, or failed to transmit the mutant trait. The number of transmissible and viable Maxy 
visible mutations plus those associated with lethals in the treated series is therefore 7 in 12,000, 
or a rate of 0.058 + 0.022%. compared with 8 in 151,000, or a rate of 0.005 + 0.002%, found in 
the control series, the difference in rates being statistically significant. A lethal rate of 3.0 + 0.5% 
from the control males, as compared with a control rate of 0.2 + 0.1%, was obtained. For the 
treated series, this indicates a ratio of one visible mutation to 12 lethals.—2.5-bis-ethyleneimino 
hydroquinone acts partly as an alkylating agent, and as a hydroquinone it participates in oxi- 
dation-reduction reactions. It might also generate free radicals. These data indicate that this com- 


pound is more mutagenic in our hands than some compounds that act simply as alkylating agents, 
in particular phenylalanine mustard and myleran, which themselves are rather highly muta- 
genic. (This work has been supported by a grant from the National Institutes of Health, U. S. 
Public Health Service.) 
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Aronson, Marcaret M., (Introduced by R. C. Lewontin), Department of Biology, University 
of Rochester, Rochester, N. Y.: New evidence for genetic activity of the Y chromosome in D. 
melanogaster —Segregation of the separated arms of III in the heterozygote between T2(1:3)* 
(Drosophila Inform. Serv. 30:76, 1956) and T3L.4L;4R.3R (Dubinin 2) has been studied. The 
point of breakage is in the chromocentral region of 3R in the T(1:3) stock; of 3L in the other. 
Four expected classes are recovered in statistically equal numbers, thereby adding these data to 
the accumulating evidence that the centromere itself does not play an active role in segre- 
gation. One class is deficient for the region of the III centromere, and this deficiency is lethal 
when homozygous. Both males and females heterozygous for this deficiency are fully viable and 
normal. Deficient males which are XO and haplo-IV are not viable, but in the presence of the 
Y chromosome deficient haplo-IV males are viable. The viability of this last class indicates that 
the Y chromosome is a genetically active chromosome and can compensate in some way for an 
autosomal deficiency. 


Arz, James W., New York Aquarium, New York Zoological Society, Brooklyn, N.Y.: Ge- 
netically controlled atypical pigment cell growth among the hybrids of six species of xiphophorin 
fishes—Four of the six currently recognized and described species of xiphophorin fishes are 
polymorphic for pigmentary patterns formed by macromelanophores. These cells are character- 
ized by their size, their spotted phenotypes and their tendency to multiply excessively, producing 
melanoses and melanomas, when introduced into foreign genotypes through hybridization. All 
nine known macromelanophore patterns are inherited as autosomal or sex-linked dominants. 
Six of the genes, in Xiphophorus maculatus and X. variatus, appear to be alleles; the rest occur 
on non-homologous chromosomes. Hybrids involving 26 of the 45 possible combinations have 
been produced. Interactions range from extreme melanosis with melanomas present in many of 
the melanotic fish to complete suppression of pattern. The genes for macromelanophore patterns 
may be ranked according to their potency in producing excessive pigmentation in the various 
hybrids, while the species may be ranged according to their “resistance” or “susceptibility” to 
atypical pigment cell growth. Some genes have shown no capacity for atypical growth; others 
do so in every hybrid combination. Especially noteworthy is the observation that the species 
(X. maculatus) which has the most potent macromelanophore genes is the only one whose 
hybrids have never shown enhanced spotted patterns. The situation is best understood by ref- 
erence to Myron Gorpon’s (1950, 1958) hypothesis of how genes for macromelanophore patterns 
became integrated into the genotype of the species. This, in turn, indicates some similarity in the 
biochemical processes of the nine genes. Nevertheless, one spotted pattern may be enhanced while 
another is simultaneously suppressed in a single hybrid. 


Bano, Henretta T.,! D. E. SHepparp, and P. T. Ives, Amherst College, Amherst, Mass.: A 
survey of second and third chromosomes from the South Amherst population of Drosophila 
melanogaster.—273 second and 252 third chromosome collected in September 1958 were analyzed 
by Cy and 7M1, respectively. The second chromosomes were 35.9% lethal or semilethal (less 
than 17% +); 43.2% quasinormal (18 to 29% +): 17.4% normal (30 to 33% +) and 3.5% 
supernormal (34 to 42% +). The comparable third chromosome frequencies were, respectively, 
40.1%, 38.5%, 14.3% and 7.1%. Differences between these two distributions as determined by 
chi-square are not significant. Significantly more third chromosomes than seconds carried visible 
recessive mutations with e and bw appearing most frequently.—After a period of cool weather 
151 second and 124 third chromosomes were collected in October and showed a significant decline 
in lethals and semilethals to 25.8% in both second and third chromosomes. Nearly complete 
tests show a low frequency (under 0.5%) of allelism among the second chromosome lethals in 
each collection, indicating that neither was composed of flies migrating from one small breeding 
unit. Third chromosome lethal allelism tests are underway.—The decreased October lethal fre- 
quency has not previously been observed here. This observation suggests that the decline in fre- 
quency between the peak of one season and the beginning of the next in the following summer 
takes place late in the breeding season. The low percentage of allelism among the lethals in the 
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two collections suggests that the October decline may be due to dominant selection against lethal 
chromosomes rather than to loss from homozygosis. (1 Public Health Service Research Fellow of 
the National Cancer Institute. ) 


Bearry, A. V., and Jeanne W. Bearry, Emory University, Atlanta, Ga.: Postirradiation modi- 
fication of chromosomal aberration yield——In Tradescantia microspores, the yield of X-ray-in- 
duced chromosomal aberrations can be modified by postirradiation treatment. At 30° C and at 
50r/min, material given 200r in and posttreated in air for 15 min yielded 0.23 aberrations per 
cell; posttreated in helium for 15 min gave 0.30 while posttreatment for 60 min in helium gave 
0.40. A total dose of 400r given material in and posttreated for 15 min in air yielded 0.79 aber- 
rations per cell, while 60 min posttreatment in helium gave 0.98. At 40° C and at 50r/min, ma- 
terial given 200r in and posttreated in He for 15 min yielded 0.20 aberrations per cell, while 
posttreatment in air for 15 min gave only 0.11. A total dose of 400r with posttreatment in helium 
for 15 min gave 0.66 aberrations, while posttreatment in air gave only 0.26. These post-X-ir- 
radiative effects can be explained and predicted on an energy-supplying basis. Similar experi- 
mental procedures, combined, however, with fractionated doses, gave results which indicate that 
the rejoining time for X-radiation-induced chromosome breaks is the same for material irradiated 
in either helium or an oxygenated atmosphere. 


Becker, H. J., (Introduced by Curr Stern), University of California, Berkeley, Calif.: Vari- 
egation in the zeste alleles of Drosophila melanogaster —Of the alleles z, z*, z” and z! the two 
latter ones show a variegation pattern characteristic for cell lineage in both males and females, 
also in compounds with the two former alleles. In flies raised in favorable temperatures, which 
are different for each allele and each sex, the spots are normal red or slightly darker than normal: 
they contain the red and the brown pigment component. The background of the eye is lemon: 
here the red component is missing. The size and distribution of the red spots were compared with 
X-ray induced mosaic spots, whose size depends on the age at the time of irradiation. It can be 
concluded that the time of determination as to whether the descendants of a cell develop red 
pigment or not, takes place at the end of the first larval instar. Of the roughly 20 cells, of which 
the presumptive eye area consists at this time of development, any number can be determined to 
red pigment formation in any individual head anlage, on the average 20-25% in z™ males, prob- 
ably slightly less in z! males, 5% in z”/z!, 2-3% in z™/z” and z!/z!, less than 2% in z”/z%, z™/z, 
z*/z! and z/z! and none in z/z and z*/z females. This newly acquired property is handed down 
to the daughter cells. The site of the red pigment formation, the primary pigment cells, does not 
appear until about nine cell divisions after the determination. It seems likely that the determina- 
tion is imposed upon the nucleus itself. (This study was aided by a grant from the National 
Science Foundation. ) 


Brancui, A., Institute of Genetics, University of Milan, Milan, Italy: A new type of chromo- 
some 7 in Italian maize-——A quasiuniversal characteristic of chromosome 7 makes its identifica- 
tion easy in most American maize. On the long arm, adjacent to the centromere, the chromosome 
is broad and stains deeply, following aceto-carmine technique on pollen mother cells. Such a deep 
staining region seems, on the contrary, undetectable in most Italian maize. (So far more than 
two hundred samples from all over Italy have been carefully studied, and about 34 of the plants 
show no deeply staining region). This may be an aspect of the scarce endowment in hete- 
ropycnotic material present in Italian maize. Moreover, on the long arm, the typical large knob 
is often replaced by a small one followed closely by a very prominent chromomere. Such struc- 
ture is estimated present in about ten percent of the examined plants. It is undecided whether 
such two prominent bodies result from a splitting of the heterochromatin of the common knob or 
rather whether a small knob follows the regular one of reduced size. 
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BLuMEL, JoHANNA, Department of Surgery, Orthopedic Division, University of Texas, Medical 
Branch, Galveston, Texas: A combination of congenital cataracts and cerebral palsy in a brother 
and a sister—While investigating the hereditary aspects of cerebral palsy at the Moody State 
School for Cerebral Palsied Children, a family group with two affected children, a boy and a girl, 
came to our attention. In addition to spasticity, these children were also afflicted with congenital 
cataracts. A genetic and metabolic study of the family was undertaken. Results of this investi- 
gation, including electrophoretic and chromatographic studies on the body fluids of these indi- 
viduals will be presented and discussed. 


Bose, Smritimoy, Blandy Experimental Farm, University of Virginia, Boyce, Virginia: Fusion 
and fragmentation of chromosomes and the mechanism of karyotype evolution in Lycoris.— 
Somatic numbers reported for Lycoris are, 12—17, 22, 27, 29 + 1B, 30 and 33. Karyotype analyses 
show V and rod-shaped chromosomes. While no taxa have all V's, some have all rods and others 
have a mixture of V’s and rods. Taxa having only rods have chromosomes with subterminal con- 
strictions only. Among those forms with both V and rod chromosomes, some have rods of the 
nearly terminal constricted type only, others have both subterminal and nearly terminal con- 
stricted rods; still others have rods of only subterminal constricted type. Intraspecific chro- 
mosomal polymorphism is shown by those forms which have rods of only nearly terminal con- 
strictions. Intra and interspecific chromosomal polymorphism without the addition of extra 
chromosomal elements seems to be characteristic of karyotype evolution in Lycoris.—Present 
knowledge of centromeric structure and of telocentric chromosomes have been utilized in seek- 
ing an explanation of the mode of origin of chromosomes. Hybridization, translocations, and 
polyploidy are among the other factors which also obviously have played a part. Either fusion of 
two rods to form a V: or the fragmentation of a V to form two rods, could be taken as the es- 
sential mechanism for karyotype evolution and speciation in Lycoris. Depending on the ac- 
ceptance of one over the other, a phylogenetic decrease or increase in basic number could be 
visualized involving either a basic set of six V chromosomes or 11 all of which were rods. 


Bucuenrt, J. G., Yale University, and the Connecticut Agricultural Experiment Station, New 
Haven, Conn.: The effect of critical time and location of gene action on the degree of pollen abor- 
tion and the inheritance pattern in the restoration of cytoplasmic male sterility in maize—As a 
rule, progenies reflect Mendelian inheritance of the genes (Rf) capable of suppressing the cyto- 
plasmic male-sterile factor ([{7ms]). Cas2s where this was not so were investigated. All crosses (or 
selfs) of the type [ms,] * [ms,]Rf?rf? yielded only fertile progeny: while [ms,]Rf?rf?  rf?rf? 
gave segregation. Thus, when with [ms, ]. Rf? was selected for in the pollen. When the inheritance 
of Rf? was checked in plants not having [ ms, ], no such selection occurred. Therefore, the selection 
for Rf? and consequently the inheritance pattern was dependent upon an interaction between 
[ms,] and Rf? in the presence of the residual genotype used (A158, M14, and P39).—The degree 
of pollen abortion has also been determined by the interaction. In contrast to cases where progeny 
segregation is normal, microscopic observation of [ms,]Rf?Rf? and [ms,]Rf?rf? plants revealed 
that while homozygotes had as high a percentage of normal pollen as the corresponding inbred, 
the heterozygotes made pollen 50 percent of which aborted.—It has been concluded that: (1) the 
critical time and place of production of the primary diffusible gene product was in the game- 
tophyte, shortly after the formation of crosswalls during microsporogenesis; and that the restora- 
tion process took place shortly thereafter at the same place; (2) the critical stage determining 
the pollen abortion occurs after microsporogenesis, shortly before the deterioration can be seen; 
(3) a small particle-number hypothesis cannot account for the results; (4) the tapetum is not 
involved in the abortion process to the extent of withholding food, resulting in starvation of the 
spores, 


Burpick, A. B., T. Muxkar, and M. E. Krawinket, Purdue University, Lafayette, Ind.: The 
genetic effect of low doses of irradiation in heterozygous and homozygous Drosophila lines; the 
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hy pothesis of wild type iso-allele mutation —When low-dose (25—150r) X-irradiated genomes from 
a homozygous line are tested for heterozygous viability in the homozygous background in which 
they were produced, they give evidence of having suffered many more dominant viability af- 


“c 


fecting mutations than can be accounted for by the “standard” 5 x 10-8/r/gene mutation rate. 
The mean heterozygous viability of such genomes is usually higher than control and the vari- 
ance between genomes is significantly higher, indicating that the induced mutations in hetero- 
zygous condition are somewhat more likely to improve than to diminish viability of a homozy- 
gous genotype. Random, plus and minus, wild type isoallele mutations in high frequency (ca. 
1 x 10-*/r/gene) can account for these results on a basis compatible with mutation and evalu- 
tionary theory.—If the iso-allele hypothesis is true, we wouid expect that such mutations in 
heterozygous condition, tested in a variable heterozygous background, would have no effect on 
the mean or variance of viability. We irradiated males from a CMI-produced homozygous 
line, balanced and duplicated the irradiated autosomes in males with T(2-3) Xa (isogenic with 
the irradiated homozygous line) and tested them, replicated in duplicate, by crossing to the 
homozygous line. Mean and variance increases were highly significant. Exactly the same experi- 
ment was conducted starting with irradiated males from a random mating population, unrelated 
to the homozygous line against which the irradiated autosomes were tested. Means were the 
same as control; some variances were slightly less than control. 


Capenos, Mary Rowan, and E. B. Spress, Department of Biological Sciences, University of 
Pittsburgh, Pittsburgh 13, Pennsylvania: Origin of lethality in certain second chromosome re- 
combinants of Drosophila persimilis—Crosses involving particular second chromosomes which 
had produced lethality, poor average viability, or high variance for viability by recombination 
were repeated (42 out of the 190 crosses reported in GENETICS 44 by Spiess). Recombinant 
chromosomes were made homozygous by the marker technique. Out of 16 original lethal-produc- 
ing crosses only one gave lethals in the repeat; out of 14 original low viability crosses four 
produced lethals in the repeat; and out of 12 high variance crosses two gave lethals. Mean 
viabilities and variances of the nonlethal chromosomes of repeat crosses did not differ sig- 
nificantly from those of original crosses, indicating a constancy in recombinational effects. Flies 
balanced with a lethal chromosome obtained from recombination were crossed out to a strain with 
a good viability chromosome. If the lethality is due to interaction of linked loci which are far 
enough apart to have better viability restored by crossing over, then recombinant chromosomes 
derived from F, females should depart from the 50:50 segregation ratio by giving an excess 
of viable chromosomes. Non-recombinant chromosomes derived from F, males, in which cross- 
ing over is suppressed, were tested as controls. In these “‘desynthesis” crosses, the number of non- 
lethal recombinant chromosomes from F, females was significantly increased in five out of seven 
lethal crosses tested. However the same excess occurred in chromosomes tested from F, males. 
Departure from expected segregation values could result from low penetrance of a lethal 
mutation, selection for non-lethal bearing gametes, or a mechanism affecting segregation itself 
to produce an excess of nonlethal gametes. Thus desynthesis, a criterion for distinguishing re- 
combinant from mutational lethals, cannot be proved from these data. Two of the seven lethal 
producing crosses were later shown to contain mutational lethals. The fact that specific chromo- 
somes can recombine to give repeatable viability modifications indicates that genic interaction 
on the second chromosome of D. persimilis exists but apparently the interaction is not of suf- 
ficient magnitude to produce lethality by recombination. (Work supported under Contract 
AT (30-1 )-1775, U. S. Atomic Energy Commission). 


Carson, E. A., and J. L. Sourn1n, Queen’s University, Kingston, Ontario, Canada: Pre- 
liminary genetic evidence supporting the complementary structure of the hereditary material 
in Drosophila spermatazoa.—Females carrying the markers echinoid, dumpy, and clot (ed dp cl) 
were inseminated with mature Ore R wild type sperm and exposed to a single X-ray dose of 
4000 roentgens. Among the numerous induced mutations found at the dumpy locus was a 


single female on whose right side appeared an oblique wing phenotype, but which was other- 
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wise normal, and on whose left side appeared a more extreme oblique wing, thoracic vortices, 
and reduced leg size. The female, bred to ed dp cl males gave two mutant progeny—an oblique 
type mutant (dp°) and and a truncate type (dp®!’). These were designated o?” and olv’™, re- 
spectively, after further testing for the presence of the lethal expression with other members of 
this series. Preliminary pseudoallelic analysis indicates 0°” and olv’™ both capable of recombi- 
nation with the right-most member of the dumpy series (v?). Of particular significance is the 
proximity of these two mutants in the order established or suggested for this series: 1 ol olv o lv 
ov v, where the four right-most members were directly determined by recombination in the ap- 
propriate intervals and the four left-most members were assigned their map positions with respect 
to one another by their differences in recombination rates when each was tested in heterozygous 
compound with ov. Both the double mutant and the wild type recombinants were obtained from 
the o°”/ed v? cl series, and wild type recombinants were obtained from the olv?”/ed v? cl series. 
Implications of this and other mosaic mutations for the interpretation of the genetic material in 
the mature spermatozoan and its relation to the mutation process will be discussed. (This work 
was supported first by Contract AT(11-1)—195, granted by the AEC for work of H. J. MuLier 
and associates at I.U., and then by grant G-7621 allotted by the National Science Foundation 
(USA) to the senior author at Queen’s University.) 


Carson, H. L., Washington University, St. Louis, Mo.: Effect of irradiation on artificial popu- 
lations under strong natural selection—Four replicate populations of se ss e* k ro stock of 
Drosophila melanogaster were run in vial populations in which food, space and change schedule 
were rigidly controlled, producing stringent natural selection. The usual biomass of about 90 
mgs wet weight was maintained under the control conditions. Irradiation was begun on two of 
these populations in June 1958 and is continuing at intervals, to date. Imagoes of all ages re- 
ceived 1000r of X-rays/wk in a single dose for 20 successive weeks. Radiation was then sus- 
pended for ten weeks, following which additional 10-week periods of radiation were alternated 
with 10-week periods of relaxation of radiation. Each experimental population has thus far re- 
ceived 30,000r. The irradiated populations declined precipitously in numbers but less in biomass. 
Thus the mean size of the flies in the irradiated populations increased sharply; this appears to 
be a simple effect of decreased competition for food. During the two periods of relaxation of 
radiation, the experimental populations have quickly risen again to the level of the controls but 
have not surpassed them. 


Cuu, Ernest H. Y., and Norman H. Gixes, Yale University, New Haven, Conn.: Qualitative 
and quantitative analyses of X-ray-induced human chromosome aberrations in cultures of normal 
diploid somatic cells—The present report is concerned with studies of the types and frequencies 
of X-ray-induced aberrations in human chromosomes. Normal diploid human cells actively 
proliferating at 37° C in vitro were irradiated with X-ray doses between 25 and 100r, at constant 
intensity. Cytological examinations of chromosomes were made at successively later intervals 
after irradiation, utilizing well-spread, colchicine-blocked metaphases. Analyses have been made 
of over 1300 intact, euploid, experimental and control cells. Previous studies had led to the 
construction of a detailed idiogram of the human karyotype, permitting the recognition of indi- 
vidual chromosomes—a circumstance often essential for the proper interpretation of aberrations. 
Qualitative analyses indicate that two major categories of aberrations—chromatid and chromo- 
some—are present in irradiated cells. The majority of the various types of chromatid and chromo- 
some aberrations characteristic of classical materials, such as Tradescantia microspores, have 
been detected. Chromatid types constitute the only aberrations in cells observed shortly after 
irradiation (e.g., 18 hours). At a later period (e.g., 25 and 30 hours), chromosome aberrations 
appear and a mixture of types is present. Finally (e.g., 50 hours), only chromosome aberrations 
are found. A general decrease in radiosensitivity (as judged by aberration frequencies) occurs 
in conjunction with the temporal shift from cells containing chromatid aberrations to those 
containing chromosome aberrations. Present quantitative data for both the chromatid and 
chromosome aberration types indicate the existence of two major kinds of dose-effect relation- 
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ships. In general, terminal deletions increase linearly with dose, whereas exchanges exhibit an 
exponential relationship compatible with a two-hit curve. 


Cor, E. H., U. S. Department of Agriculture and University of Missouri, Columbia, Missouri: 
Time of the regular conversion-type event at the B locus in maize.—Experiments reported pre- 
viously have shown that B’ regularly causes B to change to B’ but that b is unaffected by B’. A 
mutable allele at the B locus, B’, simulates b, but mutates frequently to B expression. When BY 
is confronted with B’ the B-like capacity of B” is unaffected: heterozygous plants have intense 
sectors.—Either B” and its B mutants are intractable, or conversion occurs at or near meiosis and 
B’ suppresses B action throughout the life cycle (but only when the two are together from the 
time of fertilization). Results of irradiation experiments also have a bearing on the time of the 
conversion-type event. 


Crawrorp, I. P., and C. YaNorsky, Stanford University, Stanford, California: Protein alter- 
ations associated with suppressor mutations and reversions in Escherichia coli—tIn E. coli, 
tryptophan synthetase, the enzyme system catalyzing the final step in tryptophan biosynthesis, 
consists of two protein components termed A and B. The gene controlling protein A is designated 
tryp-2; it is closely linked to the gene tryp-1 which controls protein B. Point mutations within 
these genes have been observed to cause abnormalities of two types, (1) lack of the component 
and any protein immunologically related to it, or (2) the production of a protein (called cross 
reacting material or CRM) immunologically similar to the normal enzyme but altered with 
respect to enzymatic capability. These two mutational types have been obtained in about equal 
numbers.—Starting with a strain having a CRM-producing mutation of the tryp-2 gene, an 
investigation of the nature of the protein or proteins produced following a second mutation 
toward prototrophy was undertaken. In these experiments both true revertants and suppressed 
mutants were obtained. The most interesting finding resulted from examination of one suppressed 
mutant. In this strain it was possible to identify and partially separate two A proteins. One of 
these was identical with the altered component A of the original mutant strain. The other shares 
several properties, at least, with normal component A. Thus in this case suppression has resulted 
in the appearance of a new, enzymatically effective protein in addition to the altered one formed 
in the unsuppressed mutant. The results of similar experiments with revertant strains will be 
presented. 


Datta, S. P., W. H. Stone, W. J. TyLer and M. R. Irvin, University of Wisconsin, Madison, 
Wis.: A possible heritable exception in cattle blood groups.—The B locus of cattle determines 
the expression of over 160 combinations (phenogroups) of about 21 antigenic factors of the 
erythrocytes. A bull of gentoype GY ,E’ ,/— (dash represents the absence of detectable factors) in 
a mating with a cow of genotype QE’ /’/D’E’, produced a female calf whose blood showed a 
previously unrecognized GE’,. The calf’s probable genotype was GE’ ,/D’E’ ,. The calf inherited 
the phenogroup D’E’, from the dam and the exceptional phenogroup GE’, presumably from the 
sire. Illegitimacy was improbable because otherwise the blood groups of sire, dam, and calf were 
genetically compatible, and no other bull in the herd could qualify as the sire—A variety of 
serological tests failed to detect Y,, on the erythrocytes of this calf. Detection of Y, in the blood 
of the sire, a full sib and in other cattle heterozygous for phenogroups containing Y,, excluded 
allelic interaction as the cause of this exceptional phenogroup. The failure to detect any serologi- 
cal differences in the Y, factor of the phenogroup GY,EF’, in other cattle of this line bred herd 
indicates that this exception is not due to modifiers. One plausible explanation would be a 
genetic change in the sperm of the sire. Similar exceptions in the B phenogroups have been 
interpreted as mutational by Stormont (Am. Naturalist 89:105, 1955). Offspring of this ex- 
ceptional individual have failed to establish the genetic or nongenetic nature of this exception. 
The first calf was slaughtered before it could be blood typed, while three other calves inherited 
the alternate phenogroup D’E’,, from the dam. 
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De Giovanni, Rosatiz, and STEPHEN ZAMENHOF, Department of Biochemistry, Columbia 
University, New York, N.Y.: The effects of deuterium oxide on Escherichia coli—The inhibitory 
effects of deuterium oxide (D,O) on various organisms have been frequently reported. Early 
experiments with Drosophila (ZAMENHOF and Demersec 1943, Am. Naturalist 77:380) did not 
demonstrate a significant increase in the mutation rate. Similarly, the replacement of exchange- 
able hydrogen atoms by deuterium upon dissolving the transforming principle in D,O did not 
change the transforming activity in Hemophilus influenzae. However, recent progress in the 
microbial genetics made it suggestive to conduct further study.—Distilled D,O (99 percent in 
nutrient broth) prolonged four times the division time and lowered four times the final cell 
count of Escherichia coli mutant strain I; parent strain 15 was totally inhibited. Each of the 
three other strains tested exhibited a different response.—The cultivation of strain I in 99 percent 
D.O nutrient media resulted in the isolation of a spontaneous rough mutant (I/D) which was 
more resistant to D,O: colonies in D,O medium contained six times more cells than in strain I. 
The spontaneous mutation rate to DO resistance was of the order of 10-*; it could be increased 
300 times by ultraviolet irradiation—In addition to I/D, D,O-induced mutants were isolated. 
Some mutants (frequency one percent) were characterized by small size (“pinpoint”) colonies: 
they were unstable and reverted to normal size colonies with a high mutation rate. Normal 
growth on richer media suggests the nutritional nature of such mutants. Another mutant (fre- 
quency 0.02 percent) was unstable auxotroph (back mutation rate 10-*). (Supported by a grant 
from the Atomic Energy Commission). 


DeLamarter, Epwarp D., University of Pennsylvania, Philadelphia, Pa.: Observations on the 
organization of the isolated bacterial chromosome.—Nuclei have been isolated from cells of 
Bacillus megaterium, following treatment with sodium glycocholate. Chemical analysis indicates 
that the isolated structures contain DNA, RNA and protein. Cytochemical evidence likewise 
indicates the presence of DNA, RNA and —SH-containing protein. It has been possible to identify 
these structures giving cytochemical reactions in the electron microscope (using the Philips 
EM-75), and to define what appears to be the chromosome number, and the paired state of the 
chromatids in prophase and metaphase. Exposure of isolated chromosomes to phosphate buffer, 
following graded periods of sonication, causes progressive disruption of the integrity of the 
nuclear and chromosomal structure, causing the chromosomes to appear ragged or tattered. 
Using the RCA EMU III-D electron microscope at low power, a comparable picture to that 
observed with the Philips EM-75 is obtained; with higher magnification, after short exposure 
to sonication, the individual chromosomes appear to be composite multistranded structures in 
which longitudinal beading can be observed. With increasing periods of sonication, the structures 
are progressively disrupted, further suggesting that the chromosomes are made up of multiple 
longitudinal strands of perhaps relatively short length held in pole-to-pole arrangement. In 
material that has been more completely disrupted, a longitudinal stranded structure is visible, 
with associated delicate cross fibrils and granules which approximate the size of RNA molecules. 

These constitute preliminary observations, and no effort toward an ultimate interpretation has 
yet been made. Photographic evidence will be presented. 


De Marinis, F., Fenn College, Cleveland, Ohio: Frequency of somatic crossing over in various 
parts of the body of Minute-n Drosophila—Female flies M(1)n/yw sn’ were observed for mosaic 
areas for yellow-singed setae on the body and head, and for white facets in the eye. These areas 
are indicative of somatic crossing over. A detailed study on the frequency of mosaics in various 
regions of the body was made; head, eye, thorax, each pair of legs, each tergite, and each 
sternite. A total of 322 mosaics was found in a total of 2644 females inspected. The frequency 
of mosaics ranged between .05%, in the sixth sternite, and 2.80%, in the thorax region. This 
indicates a considerable range of frequency for this genetic event for various parts of the body. 
However, the various parts of the body do not have equal surface areas, nor do they have an 
equal number of bristles and hairs (setae). Therefore, surface area measurements and seta- 
counts were made in each part of the body. These two factors are considered in determining the 
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true frequency of these mosaics. In brief, the actual number of mosaics found are: head—71 
(2.69%), thorax—74 (2.80%), and abdomen—145 (5.48%). The calculated number of mosaics 
(taking into account the size of the area and the number of setae in each area) are: head—136 
(5.15%), thorax—151 (5.70%), and abdomen—145 (5.48%). These estimates indicate that the 
frequency of somatic crossing over is approximately uniform in various parts of the body of 
these Minute-n flies. 


Doane, W. W., Yale University, New Haven, Conn.: Developmental physiology of a female 
sterility mutant in D. melanogaster —The developmental and physiological effects of a recessive 
factor, female sterile-adipose (fs-adp), located at 2-83+, are being analyzed. An attempt is 
being made to relate the lethality found in eggs laid by homozygous females with an abnormal 
fat metabolism, characteristic of the adults. Evidence indicates that, under certain conditions, 
flies bearing this factor have a selective advantage over the wild type, suggestive of the possible 
existence of this mutant in a balanced polymorphic state in natural populations.—No gross ex- 
ternal morphological traits are associated with fs-adp, but the abnormal fat body of homozygous 
adults shows a tendency toward hypertrophy. Homozygous males are fertile, females are com- 
pletely sterile. Eggs laid by mutant females never develop beyond early cleavage stages. They 
are characterized by an abnormal cytoplasm, frequently yolk-deficient. Irregular meiotic and/or 
mitotic figures are found, including asynchrony, multipolar spindles, ploidy, chromosomal frag- 
mentation, elimination and restitution. Abnormal egg production, coupled with hypertrophy of 
the fat body suggests a disturbance in th gonadotrophic activity of the adult ring gland.—The 
average water content per fly was found to be reduced in mutant adults, while the percentage of 
ether soluble lipids, as a function of the dry body weight, is almost doubled. The iodine number of 
total lipid extracts is lower in fs-adp flies than in wild type.—The survival of homozygous and 
heterozygous mutants under conditions of starvation and desiccation was tested. Homozygotes 
showed a marked advantage when starved, while the heterozygotes were equal to or slightly 
superior to the various wild type strains tested. Under conditions of desiccation, the heterozygotes 
displayed, a selective advantage over both of the homozygous types. (Work supported by a 
National Science Foundation Predoctoral Fellowship.) 


Doupney, C. O., and F. L. Haas, Department of Biology, University of Texas M. D. Anderson 
Hospital and Tumor Institute, Houston, Texas: Macromolecular synthetic sequence in ultra- 
violet induced mutation in bacteria.—Preirradiation growth factor supplementation studies have 
led to the view that ultraviolet-altered nucleic acid precursors constitute metabolic intermediates 
in UV-induced mutation. Postirradiation studies of the mutation induction process suggest that 
the “potential mutation” is temporarily “stabilized” by some process requiring energy and 
amino acids. Following stabilization the mutation is “fixed” by a process which is closely cor- 
related with RNA synthesis.—A number of antimetabolites have been shown to interfere with 
the mutation induction process. Chloramphenicol and 6-aza uracil, compounds which block pro- 
tein or RNA and protein synthesis respectively, promote an immediate and rapid decline in 
mutation frequ*ncy. Loss of ability of these compounds to promote decline in mutation fre- 
quency is related to the initial postirradiation doubling of cellular RNA. 5-hydroxyuridine and 
6-mercaptopurine, compounds which do not block RNA synthesis, promote a decline in mutation 
frequency w'iich is not immediate but correlated with R 





‘A synthesis in their presence. Studies 
of labeled analogue incorporation into RNA and the occurrence of mutation frequency decline 


will be described. Loss of ability of these compounds to promote decline in mutation frequency is 
not correlat~d with RNA synthesis but with the prior amino acid dependent “mutation stabiliza- 
tion” process suggesting that the involvement of these analogues in the metabolic process respon- 
sible for mutation stabilization is requisite to their effect in antagonizing mutation induction.— 
Evidence will b> presented that protein and then DNA synthesis follow RNA synthesis in the 
mutation induction process.—Some evidence has been obtained which suggests the segregation 
of new mutnti ns in the first postirradiation cell division. 
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Downs, Wo. G. Jr., Met Bowxrne, and G. B. PENNEBAKER, Tennessee Polytechnic Institute, 
Cookeville, Tennessee: Two types of dwarfs in the C57 dwarf strain—Breeding records on a 
substrain of dwarf mice from the Roscoe B. Jackson C57 strain have shown unexpected results. 
These animals are being used as the basis for studies on genetic differences in response to physio- 
logic stress. This makes these results of particular significance—SNELL’s report in 1929 demon- 
strated that the gene for dwarfism is a simple recessive. Our over-all ratio is consistent with this 
conclusion. However, the homozygous recessives in our dwarf colony fall into two distinct groups. 
nearly evenly divided numerically. One of these groups, in size, weight, anatomical make-up and 
behavior is similar to dwarfs of this strain reported by SNELL and others. The other group rarely 
exceeds 5 gms in weight, has a lower homeostatic threshold and does not live over 45 days, but 
otherwise, in anatomy, facial make-up etc. meets the criteria. None of either group will breed. 
There is no relationship between these factors and color. Diagnosis of dwarfism can be made at 
10-12 days, and the distinction between the two types may be seen readily and immediately, but 
is unquestionable and “fixed” at 20 days.—Not infrequently, a single litter will contain homo- 
zygous normal, heterozygous, and homozygous dwarfs of both types.—Statistical handling of 
these data indicates that allelic (possibly quantitative) genes for “growth” are present in this 
strain as well as those for dwarfism, are responsible for the differences between the two types, 
and influence the adaptive mechanism. 


Dray, SHELDON, and GLENDOWLYN O. Younc (Introduced by W. E. Heston), Laboratory of 
Immunology, National Institute of Allergy and Infectious Diseases, NIH, Bethesda, Md.: 
Genetic control of two y-globulin isoantigens in domestic rabbits—Recent investigations have 
shown that components of serum from individual rabbits are antigenic in other rabbits. (J. Oupin 
1956, Compt. rend. 242: 2606, 2489; S. Dray and G. O. Youne 1958, Federation Proc. 17: 510, 
J. Immunol. 81: 142). Subsequently, it was found that 500 domestic rabbits of several breeds 
could be grouped into three groups on the basis of two isoantigenically different y-globulins (S. 
Dray and G. O. Youne (1959) Science 129, 1023). These isoantigenically different y-globulins, 
designated RGG-I and RGG-II, were demonstrated with specific isoprecipitins by agar gel im- 
munochemical methods. Individual rabbits were found to contain either RGG-I, RGG-II, or both 
RGG-I and RGG-II in their sera but never lacked both y-globulins. Of 500 rabbit sera tested, 
there were 24 with RGG-I, 379 with RGG-II, and 97 with both RGG-I and RGG-II.—The pur- 
pose of this report is to present the results of testing the progeny of over 50 families of domestic 
rabbits obtained from all six possible matings of the above three groups for the presence of the 
y-globulin isoantigens RGG-I and RGG-II in their sera. The results are consistent with the 
simplest hypothesis that the isoantigenic specificity of the two different y-globulins are controlled 
by a single allelic pair of autosomal genes with both y-globulin specificities present in the hetero- 
zygote. The three genotypes may be designated //7', v/v", and v'/7". 


Dupes, G. R., and M. Cuapin, University of Kansas School of Medicine, Kansas City, Kansas: 
Pleiotropy in poliovirus.—Thermostability was found to be positively correlated with inhibition 
cystine for the Akron +¢", cr, cr’‘, and cr‘ polioviruses: the cystine-requiring +-°" and cystine- 
nonrequiring cr viruses, which are not inhibited by cystine, have low thermostability whereas the 
slightly inhibited crs‘ and the strongly inhibited cr‘ viruses, neither of which requires cystine, 
have moderate and high thermostability, respectively.—Seven independent revertants from cr? 
to viruses less inhibited by cystine were all found to be less thermostable than cr‘ and the degree 





of loss of thermostability was positively correlated with the degree of genetic loss of the property 
of being inhibited by cystine.—The thermostable Brunhilde ¢ poliovirus (kindly supplied by 
Drs. Dutsecco and Voct), which they obtained by selective heating and which has no known 
history of passage on cystine-deficient cells, was found to be inhibited by cystine in contrast to 
the uninhibited thermolabile wild type Brunhilde.—It is concluded that the poliovirus genetic 
element which confers cystine-inhibition also confers thermostability on the virus particle. (This 
research has been supported by the National Foundation.) 
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Duvick, D. N., Pioneer Hi-Bred Corn Co., Johnston, Iowa: A new fertility restorer genotype 
in cytoplasmic male-sterile maize——Three progenies from the S, of the backcross: WF9(WF9T 
< KY21) have been obtained which when crossed to the male-sterile line WF9T give all male- 
sterile progeny but which when crossed to the male-sterile SK27 give all male-fertile progeny. 
This is a confirmation of the hypothesis (Duvicx 1956, Genetics 41:544—-565) that fertility resto- 
ration in T cytoplasm depends upon the simultaneous presence of at least two dominant genes, 
either of which if present as a homozygous recessive, can cause sterility. Thus the genotypes of 
the various lines involved herein are presumed to be as follows: SK2-rf,rf,Rf,Rf,; WF9-rf,7f, 
rf .rf,; KY21-Rf,Rf,Rf,Rf,; Selected S, line-Rf,Rf,rf,rf,. The fertility restorer genotype of 
WFO9 appears to be unique among corn belt inbred lines, since among approximately 90 non- 
restorer lines tested by the author, only WF9 and possibly two lines derived from hybrids with 
WF®9 have been found to be recessive for two major fertility restorer genes. All other lines are 
recessive for a single major gene and in all cases where cross tests have been made the recessive 
gene was rf,. To date no inbred lines, other than the special selection described above, have been 
found to be of constitution Rf ,Rf,rf,rf,. Ways in which this new genotype can be used to make 
restored hybrids without detasseling will be discussed. 


EmMERLING, M. H., Plant Breeding Dept., Cornell University, Ithaca, N.Y.: Further analysis 
of the R’ complex in Zea mays.—In previous studies the occurrence of oblique crossing over was 
demonstrated by the detection of the deficiency-crossovers ‘”)(S) and (P)(*), but no evidence 
has yet been obtained establishing the occurrence of the duplication-crossovers (P)(P)(S) and 
(P)(S)(S). It is possible to detect the (P)(S)(S) crossover by using distinguishable aleurone 
color alleles, such as R Stippled in compound with R Navajo-spot. The recombinant type (S) (S) 
would be recognizable as a single seed with both the Stippled and Navajo-spot phenotypes. A 
rather extensive test for recombination of these two pattern R alleles was made from the cross 
22 g R-Stippled K/G R-Navajo k x 6 6 gr? k/g r9 k. Out of a total population of 143,522 
seeds examined, a number of cases with the Stippled—Navajo spot phenotype was found. These 
exceptional seeds proved in all cases to be the result of a cytological aberration; none was caused 
by a crossover gamete (S)(S). On the basis of previous studies in which it was found that the 
rate of oblique crossing over was 1.3 X 10-4, the expected number of (S)(S) crossovers would be 
approximately 18. The difference between 0 crossovers observed and 18 expected is statistically 
significant. One interpretation of this study is that the action of R Stippled and R Navajo on seed 
and plant color is not dependent upon structurally distinct genic elements. An alternative ex- 
planation is that the (S)(S) crossover is not recognizable as Stippled-Navajo spotted seed when 
(S) components of homologous chromosomes are adjacent to each other on the same chromosome. 


ENGLEsBERG, E., and N. L. Kitteen, Department of Biological Sciences, University of Pitts- 
burgh, Pittsburgh, Pa.: Mixed gene loci controlling L-arabinose isomerase and L-ribulokinase 
activities in Escherichia coli B/r.—Gross, KiLLEEN, and ENGLEsBERG (Bacteriol. Proc. 1959) have 
shown that seventeen L-arabinose negative mutants (ara~) of Escherichia coli B/r can be divided 
into three distinct functional groups (A,B,C) based upon sensitivity or resistance to L-arabinose 
inhibition, accumulation of large quantities of ribulos2, and abortive transduction tests. The order 
of the ara~ mutants was determined by transduction experiments with phage P1, employing 
three and four factor “reciprocal” crosses between the various ara~ mutants, with leucine (lew) 
and threonine (thr) independence as nonselective markers. All 17 mutants were found to be 
closely linked and in a linear array, with each functional group, so defined, corresponding pre- 
cisely to a closely linked genetic group, with the groups arranged in the order thr, ara A, ara B, 
ara C, leu.—Recent quantitative enzymatic analysis of extracts of each of the mutants has re- 
vealed the following. Each mutant in group A (4) is deficient in L-arabinose isomerase, an 
enzyme which catalyzes the conversion of L-arabinose to L-ribulose, All group B mutants (8) 
are deficient in L-ribulokinase which catalyzes the phosphorylation of L-ribulose to ribulosephos- 
phate. This group is mixed, however, in that different kinase negative mutants have different 
L-arabinose isomerase activities, varying from 1/10 to four times the activity level of the proto- 
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truph. There is no obvious relationship between these differences in isomerase activity in the B 
locus and the order of the various mutants involved. All mutants in group C (5) are deficient in 
both kinase and isomerase. 


Faperce, A. C., Zoology Department, University of Texas. Austin, Texas: Populations of 
Oralis with floral trimorphism.—The genus Oxalis is one of the four known instances of a pollina- 
tion system involving trimorphic flowers. The genetics of trimorphism has been investigated in 
some species of this genus by von Usiscu and by Fisher and Martin. FINNEY (1952, Genetica 
26:33-64) has examined theoretically the population equilibria to be expected on the assumption 
of various conceivable genetic determining systems. In many cases equality of the three types 
(isoplethy) is the equilibrium condition, but systems giving other proportions (anisoplethy) can 
be constructed. While north American trimorphic Oxalis species do not lend themselves easily 
to such work, counts on populations of two of the species have been made. O. grandis in southern 
Indiana gave: long style 1305, mid style 661, short style 623, while O. Suksdorfii in Oregon gave: 
long 246, mid 453, short 207. Thus in both cases there is strong departure from equality of the 
three types, though the discrepancy is different in the two species. This is quite unlike another 
unrelated trimorphic plant, Lythrum salicaria, in which approximate equality of the three types 
is found in populations, and in which the genetic system can readily be shown to be isoplethic. 
Whether the genetics of trimorphism in the two Oxalis species are intrinsically anisoplethic, or 
whether the departures from equality are due to the superposition of some disturbance on an 
isoplethic system is not known. 


Faux, R., (Introduced by H. J. Mutter), Department of Zoology, Hebrew University, Jeru- 
salem, and Indiana University, Bloomington, Ind.: Delay in joining of X-ray-induced breaks by 
anoxia in Drosophila melanogaster.—Osrer’s finding that breaks induced in early spermatids of 
Drosophila rejoin before fertilization made possible an analysis of the effects of anoxia in this 
material according to the lines successfully followed in plant material by Wo trr et al. and by 
Coun and in Drosophila oocyte material by AprAHAMsON. Drosophila 48 hours after pupation 
were irradiated with 800r, immediately after which they were transferred to a nitrogen atmos- 
phere for six or seven hours. Fourteen hours after the first irradiation, a second dose of 800r was 
given (it being known from Osrer’s observations that at this stage most broken ends join within 
12 hours). A number of different controls was run simultaneously. The emerging imagoes were 
crossed so as to detect induced sex-linked lethals, and translocations between the two large auto- 
somes and between the Y chromosome and the large autosomes. Results showed a significant 
increase in the frequency of autosomal translocations when anoxia was given for seven hours 
between irradiations. No effect, or only an insignificant one, was achieved by six hours of anoxia. 
There is some indication that even nitrogen posttreatment without a second irradiation increased 
autosomal translocation frequency (see ABRAHAMSON ). The nitrogen treatment between irradia- 
tions did not appear to increase the frequency of Y-autosome translocations as much as that of 
interautosome ones, but whether this difference is significant is still being studied. These nitrogen 
treatments did not significantly augment lethal frequency, although there was a small increase, 
probably representing lethals connected with gross rearrangements. (Work done while on Post- 
doctoral Fellowship of U.S. Public Health Service, administered at Indiana University, and 
supported by grant to H. J. MuLLer and associates from U.S. Atomic Energy Commission [Con- 
tract AT(11-1)-195]). 


FarnswortH, Marsorie W., University of Buffalo, Buffalo, N.Y.: Studies on isolated mito- 
chondria of Minute and wild type Drosophila—Methodology for the isolation of mitochondria 
from larval stages as well as from adults has been completed. Highly active preparations for 
spectrophotometric studies can be obtained from as few as 100 to 150 adult thoraces or third 
instar larvae. For earlier developmental stages, proportionately larger numbers are needed. Pre- 
liminary studies indicate that the activities of certain enzymes of the Krebs cycle (e.g., fumarase) 
do not change during development and are alike in both wild type and Minute larvae. Studies 
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of other enzymes, including those involved in terminal oxidation, are discussed. (Supported by 
grant no. C-3286, National Institutes of Health.) 


ForsTHoOEFEL, Pautinus F., University of Detroit, Detroit, Mich.: Anatomy and development 
of the Springville luxoid mouse——-Many of Srronc and Harpy’s Springville luxoid mice show, 
on the genetic background of origin, incomplete duplication of the radius and preaxial duplica- 
tion of the forefoot. Usually the distal portion of the tibia is missing; sometimes, besides the 
proximal vestige of the one tibia, another more complete slender tibia is also present. In these 
cases of duplication of the tibia, the preaxial bones of the hind foot are also duplicated.—Breeding 
data support the hypothesis that the Springville hemimelic luxoid mice are homozygous for a 
gene which in heterozygous condition causes only preaxial polydactyly of the hind feet. In 
heterozygous condition this gene interacts with GrEEN’s luxoid or CarTER’s luxate gene in hetero- 
zygous condition to give tibial hemimelia—Homozygous Springville luxoid embryos can be 
recognized at 1114 days of gestation by incipient polydactyly of the forefeet. At 12 days, the hind 
feet also show polydactyly and incipient hydrocephaly can be detected by a slight anterior 
bulging of the telencephalon. By 1314 days the mesencephalon also shows pronounced bulging. 
The eyes slant back toward the mesencephalon, perhaps because of tension exerted by the out- 
ward-pushing mesencephalon, This tension is probably the cause of the failure of the eyelids to 
close later. At 1514 days, when hair follicles appear on the top of the head of normal sibs, none 
appear there in the hemimelic mice, apparently the origin of the later baldness. (Supported by 
grant C-3613 from the National Institutes of Health.) 


Fox, ALLEN S., Jean B. Burnett, and Morton S. Fucus, Michigan State University, East 
Lansing, Mich.: Electrophoretically separable tyrosinases of diverse thermostabilities and their 
interconversion in Neurospora crassa.—Continuous paper electrophoresis separates the tyrosinase 
extracted from homocaryons into three components (T,, T,, T,). Since the Michaelis constants 
and relative turnover numbers (dopa/tyrosine) of the three components are the same, they 
exhibit indistinguishable specificity. The activation energies for the thermal degradation of the 
enzymes differ markedly. For T,, E = 95,800 cal./mole, virtually identical with the value re- 
ported by Horowirz and Fiine for their thermolabile tyrosinase. For T, and T.,, E = 60,900 
cal./mole and 57,300 cal./mole respectively, closely similar to the value for the thermostabile 
enzyme of Horowrrz and Fire. In our material, T,, and T., constitute 96% of the tyrosinase in 
mycelial extracts: the presence of T, cannot be detected without prior fractionation by continu- 
ous paper electrophoresis, Moreover, during incubation of crude extracts at low temperatures 
(5°-25°), T, and T,, disappear. The quantitative decrease in T, and T., is exactly compensated 
by an increase in T,, as if both of the former are converted into the latter. Taken together with 
our previous demonstration of the first-order activation of protyrosinase by activating enzyme, 
the terminal stages of tyrosinase synthesis seem to be as follows: 
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(P, protyrosinase; E, activating enzyme(s) ; T, “thermolabile” tyrosinase; T, and T.,, “thermo- 
stabile” tyrosinase). The conversion of T, and T., to T., may also be enzymatically catalyzed.— 
The similarity in specificity and the differences in thermostability and electrophoretic mobility 
of T,, T,, and T., suggest differences in tertiary structure rather than in active centers. Speci- 
ficity is probably determined in earlier stages of synthesis, i.e., at the time of determination of 
amino acid sequence or during preliminary folding. Genetic control of the rate of conversion, 


rather than a template mechanism, seems responsible for the preponderance of one or another 
of the three forms of the enzyme. (Supported by grant no. C-2440, National Institutes of Health.) 
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Frye, Sara H., Saint Louis University, St. Louis, Mo.: Further investigation concerning the 
frequency and analysis of minute rearrangements of the yellow region in relation to X-ray dose 
in Drosophila melanogaster —Males (0-24 hrs. old) containing the scute-8 Bar chromosome were 
given 500r or 3000r and thes2 and simultaneous controls were mated to y w In49 f virgin-females 
(48-72 hrs. old). “Yellow mutations,” usually representing small deficiencies or inversions, were 
recorded. Frequencies of exceptional yellows among the F, Bar females were for the control. 
500r, and 3000r, respectively: 0.0022% (2/87.715), 0.0372% (39/98.910), 0.2090% (59/27.925). 
These and previous comparable results (Frye 1957) show that yellow mutations, like point muta- 
tions and unlike gross rearrangements, vary linearly with dose and not as a power of the dose 
higher than one.—The yellow region in the present case proves to contain at least the following 
genes (but not 146+ (Liining) or 1259+ (Lindsley) which are allelic to /J/1+) in the sequence: 
lethal J2+ (171+), yellow+ (y+), achaete+ (act), bobbed+ (bb+). Following the previous 
symbolism (Frye 1958) the most frequent class is — — — +, and there are again as well cases 
of all other types. All — — (+)(+) cases are being tested for the presence of the right end of 
the II or IV chromosome.—There were two spontaneous minute rearrangements, one was 
— — — —, the other was — — — — l, unlike what was found previously. Neither contained a YS 
(short arm of the Y) on the distal end of the scute-8 Bar chromosome.—The frequency of ex- 
ceptional yellow “ males (all sterile), among the Fiywf males, representing gross deletions of 
the X were, for the controls, 500r and 3000r, respectively: 0% (0/74,017), 0.0147% (12/81,293), 
0.1365% (29/21,238). These results show, as expected, that yellow+ exceptions, like gross re- 
arrangements and unlike point mutations, do vary as a power of the dose higher than one. (This 
work was supported by a grant to I. H. Herskowrrz and Associates from the U.S. Atomic 
Energy Commission [Contract AT (11-1 )-—633]). 


Fune, Su1-Tone, and Joan W. Gowen, Iowa State College, Ames, Iowa: Sex development in 
intersexes of Drosophila melanogaster.—For some years it has been noticed that our triploid stock 
carrying attached-X’s characteristically produces a majority of male type intersexes. A recently 
isolated triploid stock from a diploid female homozygous for C3G (GowEN and Gowen 1922) 
was found to produce an unusually high percentage of female intersexes. In this stock the X 
chromosomes are separated from each other. Selections were started in this stock toward a high 
percentage of male type intersex progeny and toward a high percentage of female type intersex 
progeny. After some generations of testing. two lines characteristically producing high per- 
centages of these opposite types were obtained. Crosses between them show that the type of inter- 
sexes produced was largely determined as a maternally inherited characteristic peculiar to the 
triploid female used as the mother. The four types of back crosses of the F,’s, however, lead to 
a majority of male intersexual type backcross progeny. Chromosomal determinations on the 
different progeny types of the respective male and female intersex lines are in progress and will 
be reported as they are related to the frequéncies of the different types of intersexes. (This work 
has received assistance from Contract Number AT(11-1) 107 from the Atomic Energy Com- 
mission. ) 


Gautnsky, I., Biochemical Res2arch Foundation, Newark, Delaware: The development of 
cytoplasmic bodies in a rat ascites tumor.—Unusual cytoplasmic bodies have been observed in the 
cells of an ascites tumor of the Wistar rat. These bodies appear round, dark, and uniformly 
opaque under phase optics. They vary in size and may reach a diameter equal to the width of 
the chromosomes. They may be found alone, or in clusters containing up to as many as fifty.— 
The first day after a rat is inoculated with ascites cells, the bodies in the cytoplasm are generally 
found to be thinly scattered throughout the cytoplasm which very few clusters present. Until 
the sixth day after inoculation, when the rat usually dies, there is a great increase in the num- 
ber of these cytoplasmic bodies. Coinciding with this there is also an increase in the number of 
clusters per cell. In mitosis, the bodies remain outside the nuclear membrane during prophase 
and outsid> tie spindle region during metaphase, anaphase, and telophase. They are randomly 
distributed t: the daughter cells and s metimes their distribution may be very unequal.—De- 
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struction of the ascites cell membrane results in the release of the cytoplasmic bodies into the 
surrounding fluid where they maintain their shape and appearance and exhibit strong Brownian 
movement not seen in the cytoplasm.—These cytoplasmic bodies will be discussed in relation to 
their response to cytochemical staining. 


Gat, J. G., University of Minnesota, Minneapolis, Minn.: Uptake of nucleic acid precursors 
by oocytes of the newt (Triturus viridescens) —The ovary of the newt takes up adenine-C"4, 
cytidine-H*, and thymidine-H* when these compounds are injected into the coelomic cavity or 
are mixed with coelomic fluid and placed directly upon an excised ovary. The localization of 
the compounds has been studied by autoradiography combined with cytochemical tests for the 
nucleic acids. Sections of fixed whole ovary and preparations of isolated lampbrush chromosomes 
have been used. Thymidine is rapidly incorporated into the DNA of some follicle cell nuclei, 
but does not appear in detectable amounts in the nucleic acids of the oocyte. Both adenine-C!* 
and cytidine-H® are incorporated into the RNA of the oocyte, particularly in the nucleus. Six 
hours after administration of the compounds the concentration of the isotope (grains per unit 
area on the autoradiographs) is highest in the nucleoli, next in the chromosomes, and lowest in 
the cytoplasm. Azure B staining suggests that the concentration of RNA is approximately equal 
in nucleoli and cytoplasm of the smaller oocytes, but very much lower in the chromosomes. The 
results indicate, therefore, a very active RNA in the chromosomes. Autoradiographs of isolated 
chromosomes labelled with cytidine-H® show that all of the lateral loops are radioactive. How- 
ever, some loops are more active than others when measured on the basis of grains per unit area. 
It is not known whether such variations reflect real differences in specific activity of the RNA or 
are due simply to differences in RNA concentration from loop to loop. (Supported by funds from 
the National Science Foundation). 


Garser, E. D., University of Chicago, Chicago, Ill.: The genus Collinsia. VIII. Effect of 
colchicine on C. heterophylla and C. tinctoria—Germinating seed and apical meristems of plants 
of C. heterophylla (2n=14) were immersed in aqueous solutions of colchicine for varying lengths 
of time; the apical meristems of plants of this species and of a closely related species, C. tinctoria 
(2n=14), were smeared with lanolin containing different concentrations of colchicine. Surviving 
plants with high pollen abortion were self-pollinated and crossed with control plants. The 
progenies from C. heterophylla displayed diploidy, tetraploidy, aneuploidy (trisomes, occasional 
tetrasomes), or reciprocal translocations, indicative of breakage of two non-homologous chromo- 
somes. The progenies from C. tinctoria included only diploids or tetraploids. These observations 
suggest that C. heterophylla and C. tinctoria differ in their response to colchicine. (This work 
was supported by the National Science Foundation and the Abbott Memorial Fund, University 





of Chicago.) 


Garter, S. M., University of Washington, Seattle, Wash.: /ncorporation of DNA by mammal- 
lian cells in tissue culture —Genetic transformation in bacteria is due to incorporation of extra- 
cellular donor DNA by host cells. The possibility of genetic transformation in higher organisms, 
at least in somatic tissue, must be given consideration. Since incorporation of DNA is a pre- 
requisite to genetic transformation, it appeared worthwhile to investigate the possibility of 
extra-cellular DNA incorporation in mammalian tissues. The results of experiments utilizing 
mammalian tissue culture lines and extra-cellular homologous labelled DNA will be discussed 
in this report—When labelled DNA is injected into the medium of a growing culture a small 
amount of the label disappears from the medium. This label is not recoverable by repeated 
saline washing of the cells, or by incubation with DNAse. The label is only recoverable upon 
lysing of the cells. Furthermore, if the cells are permitted to continue growing after a brief ex- 
posure to DNA, the label is incorporated into the host cell’s DNA.—Several lines of evidence 
indicate that at least a part of this adsorbed label is taken up by the cell in a relatively unde- 
graded form. 
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GersteL, D. U., North Carolina State College, Raleigh, N.C.: Segregation in raw allopoly- 
ploids in Nicotiana.—Gentical segregation in allopolyploids of the genus Gossypium had pre- 
viously been found to correspond to the taxonomic affinity of the parent species. Autotetraploid 
segregation frequencies were generally observed where the parents were very closely related; in 
contrast, hardly any segregation occurred in amphiploids from parents belonging to different 
taxonomic sections and still other combinations gave various intermediate ratios. A similar situ- 
ation has now been encountered in Nicotiana. At present, special attention is being paid to the 
amphiploids of N. tabacum with N. tomentosiformis and with N. otophora because each of the 
latter species has been claimed, with some justification, to be more closely related to N. tabacum 
than the other. Testcross segregation ratios in 6x N. tabacum X tomentosiformis, when the 
amphiploids were used as females, were as follows for four loci: Yg 4.5:1, Ws 3.4:1, Pb 3.2:1 
and Yb (linked with Pb) 3.1:1. Reciprocal crosses gave similar frequencies. The comparable data 
from 6x N. tabacum X otophora as females were: Yg 14.5:1, Pb 10.0:1, Yb (linked with Pb) 
8.3:1 and Fs 5.2:1. Thus, 6x N. tabacum x tomentosiformis segregated essentially in autopoly- 
ploid fashion, whereas, in the other combination some preferential chromosome affinity is sus- 
pected. Certain complications were noted (e.g., ratios smaller than obtainable from chromatid 
segregation in N. tomentosiformis combinations) and one may tentatively suggest that non- 
conjunction, chromosome elimination and possibly differential viabilities affected the results more 
strongly in Nicotiana than in Gossypium. (Supported in part by Grant No. G-4861 of the 
National Science Foundation). 


Gowen, Joun W., and Loren H. Havervanp, Iowa State College, Ames, Iowa, and University 
of Nevada, Reno, Nevada: Heterosis as a factor in response of quantitative characters to radiation. 
—NMiice of five inbred lines and their possible hybrids, including reciprocals, were bred for these 
experiments. The resulting progenies were irradiated with five different X-ray dosages: 0, 20, 
200, 400 and 800r. The mice were mated in pairs within the same radiation dosage and kept for 
their life spans, data being collected on number, growth and survival of their young. The F, 
individuals averaged three times the vigor displayed by the inbred pairs. Mean total lifetime 
progeny of the inbreds was 35 mice, whereas that for the hybrids of the same inbred lines 
lines averaged 100 mice. Number of mice born shows a simple exponential decline with increas- 
ing radiation dosage for each contrasted genotype, inbreds and hybrids. Mean lethal dose for the 
inbreds was about 103r whereas that for the hybrids was 164r. This difference may be attributed 
to difference in physiological vigor of the two groups. The physiological system of the inbreds 
could be said to be only 14 as vigorous as the hybrids. On the other hand, the action of radiation 
is at least 24 as effective on the hybrids as on the inbreds. On this basis there is an inverse rela- 
tion between physiological fitness and radiation effect. However, the effect is less than expected 
as judged by the performance of these types in producing young. (This work has received assist- 
ance from Contract Number AT(11-1) 107 from the Atomic Energy Commission). 


Grar, G. E., University of Notre Dame, Notre Dame, Indiana.: Uric acid in Drosophila me- 
lanogaster—A metabolic relationship of purines and pteridines has frequently been postulated. 
DaNNEEL and EscuricH-ZIMMERMANN (1957) found that the genes bw and w caused the dis- 
appearance of uric acid in eight day old imagoes. The disappearance was correlated with the 
isoxanthopterin content of the flies. In the present investigation uric acid was quantitatively de- 
termined at a number of stages in several different mutants.— Uric acid is present in small but 
not significantly different amounts in 3rd instar larvae of all mutants tested including bw and w. 
The concentration rises in prepupae and then increases very rapidly in early pupae. There is 
little change from mid-pupae until after emergence. This resembles the concentration changes 
found for isoxanthopterin but females had slightly more uric acid than did males. The mutants 
tested did not differ significantly from wild type. The earlier findings with eight day imagoes 
were confirmed. A number of w alleles or pseudoalleles were studied and the amounts of isoxan- 
thopterin and uric acid were found to be roughly correlated. Reducing the amounts of red pig- 
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ments through other loci did not decrease the uric acid. The distribution of uric acid in the 
bodies was studied. 


Gre._, Ruopa F., Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.: Effect 
of chromosome four on segregation of sex chromosomes in Drosophila melanogaster.—Studies 
have been continued on the non random assortment of a sex chromosome and a fourth chromo- 
some that is observed under certain conditions in Drosophila melanogaster (Grell 1957, these 
abstracts; Genetics, 1959, in press). It was previously reported that in XXY;T(3:4)86D/T (3; 
4)86D/ci? females the Y and the free four segregate to opposite poles with a frequency of 92.1% 
when the two X’s segregate regularly (97.4%). The non randomness is interpreted as a result of 
an association between the Y and the four that occurs in the absence of available pairing partners. 
Females have now been constructed to measure the effect of a free four on primary and secondary 
nondisjunction or structurally heterozygous X chromosomes. The frequency of observed excep- 
tions in females of the following four genotypes, where T symbolizes T(3;4)86D, is: Type 1. 
+/dl-49;T/T, 1.5%; Type 2. +/dl-49:T/T/ci”, 5.2%: Type 3. +-/dl-49/Y; T/T, 51.1%; Type 4. 
+-/d1-49/Y :T/T/ci”, 29.2%. After corrections are made for the lethality of some classes of excep- 
tions, a comparison of Types 1 and 2 shows that free four increases the primary nondisjunction 
of the X’s 3.3 times. Furthermore, in 96.7% of the exceptional progeny, the free four and the 
two X’s were found to segregate to opposite poles. A comparison of types 3 and 4 shows that the 
free four causes a 33% reduction in secondary nondisjunction. The regular progeny from Type 
+ shows a segregation of the Y and the four to opposite poles with a frequency of 91.6%. 


Grun, P., Pennsylvania State University, University Park, Pa.: Cytoplasmic differentiation 
in the evolution of isolating barriers in Solanum.—Internal isolating barriers restricting develop- 
ment of F, hybrids in crosses between closely related species of Solanum were studied to de- 
termine the nature of the first stages in development of barriers. Nine species of the series 
Tuberosa and Commersoniana were used for this purpose, and found to be readily intercrossable 
in all combinations. A low, but highly significant reduction in seed set in interseries as com- 
pared with intraseries crosses does occur. The establishment of these barriers, in some cases, in- 
volved separate mechanisms specific to one or the other sex. Evidence is presented for existence 
of a total of four independent mechanisms reducing seed set in interseries crossings: Male and 
female mechanism reducing berry set, and male and female mechanism reducing seed set per 
berry. The evidence is interpreted as showing the existence of a cytoplasmic interaction result- 
ing in either gametic or zygotic selection. In either case, it seems likely that the hybrid indi- 
viduals grown were not a random, but a selected sample of combinations of genes of the parent 
species. (Supported by a grant from the National Science Foundation.) 


Hanson, W. D., Crops Research Division, Agricultural Research Service, U. S. Department of 
Agriculture, Beltsville, Maryland: The average length of initial linkage blocks intact after n 
meiotic divisions within selected mating systems.——A mating population synthesized by inter- 
mating p homozygous parents was considered. Thus, p homologous chromosome types (progeni- 
tor linkage blocks) would be present in the first generation for each homologous set The average 
length of progenitor linkage blocks intact after nm generations of mating involved first the identi- 
fication of the distribution of chromosome types with respect to the total number of points of 
genetic recombination which had occurred in m meiotic divisions. This distribution was inde- 
pendent of the mating system. Secondly, the distribution of chromosome types with respect to the 
total number of effective recombinations (recombinations involving loci heterozygous for progeni- 
tor chromosome types) was determined which was a function of the mating system. The average 
genetic distance, with respect to the true genetic map scale, between any two consecutive points 
of effective recombinations is the average length of initial linkage block intact after nm meiotic 
divisions within a selected mating system. With p large the exact distribution of chromosome 
types and the density distribution for linkage block lengths was derived for a random intermating 
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population. With p small in a random intermating population or with inbreeding an approxi- 
mate distribution of chromosome types with respect to number of effective recombinations 
was considered which approached the exact distribution as the number of generations became 
large. The information was used to evaluate the break up of linkage blocks for selected 
chromosome map lengths under selected mating systems including selfing and selfing from an 
interriating population. The derivation of average linkage block lengths, as measured with re- 
spect to the true genetic map scale, required only the assumption that the occurrence of any two 
points of genetic recombination was independent in a probability sense. This assumption would 
not be critical when the total number of points of recombination from n meiotic divisions was 
consilered since recombinations occurring in different generations would be independent. 


Hinton, CLaupe W., and Joun C. Luccuest, University of Georgia, Athens, Georgia: Observa- 
tions of meiotic dicentrics and acentrics in inversion heterozygotes of Drosophila——Cytological 
examination of the first and second meiotic divisions of eggs from free-X and tandem attached-X 
Drosophila melanogaster females heterozygous for In(1)y* revealed 34% (N=85) figures 
having neither acentrics nor dicentrics. Such normal figures should represent E, + E,-2s rank 
tetrads and the remaining figures having dicentrics and/or acentrics should represent E, + %4 E, 
rank tetrads. Calculation of E, and E,, tetrad frequencies from genetic data collected from the 
tandem attached-X females gives values greater than indicated by the cytological data. The 
magnitude of the discrepancy is sufficiently small to be the result of uncertainty either in the 
calculation of tetrad rank frequencies or cytological classification, or both. (Work supported by 
U.S. Public Health Service Research Grant C-3000.) 


Hinton, Taytor, University of California at Los Angeles, Los Angeles, Calif.: Genotypic 
expression in Drosophila as determined using a chemically defined medium under aseptic 
conditions—When different genetic strains of Drosophila are raised on chemically defined 
media, under aseptic conditions, a striking difference in response is noted. The difference in re- 
sponse is reflected in the pattern of growth and, in some cases, in an altered phenotype. Some 
strains will show a change in phenotype when certain metabolites in the medium are altered.— 
The relationship of the various growth factors, and their effect on the expression of the geno- 
type, is given particular consideration. 


Hirora, Y., Genetics Department, Stanford University, Stanford, California: Mutants of the 
F factor in Escherichia coli K-12.—A contagious plasmid F which occurs in the wild type strain 
K-12 confers the capacity to act as @ in sexual conjugation on strains of Escherichia coli 
(LeperBeRG, CavaLii, and LeperserG). Recently, ApELBERG and Burns (these abstracts) found 
a mutant of F termed F’ which conveys the Hfr character (High frequency of recombination). 
On the basis of this finding, we have isolated distinctive F’ mutants from old broth cuitures 
of several Hfr strains. The F’ mutants were detected by the conversion of F— strains with which 
they were incubated. Each F’ mutant controls a characteristic pattern of transfer of loci from 
the ¢ chromosome in the linkage sequence similar to that of the original Hfr from which it 
was derived. Like standard F+ the new F’ can be disinfected by acridine treatment (Hirota 
and I1s1ma) and passed to other F— strains.—These results suggested that the F’ factor is split 
off from the Hfr locus and liberated into the cytoplasm. Although free of the chromosomal site, 
it still determines transfer of the chromosome with high frequency, the point of chromosome 
breakage, and controls the sequence of oriented transfer of genes of the donor chromosome 
during conjugation. Its specificity might be from the retention of a chromosome segment of the 

fr parent from which the F’ originates. Double infection as well as mutual exclusion have 
been observed in combinations of nonidentical F factors. F’ is used in this abstract as a class term 
for F mutants of which F? (Adelberg and Burns) is an example. F’ (F-prime) should not be 
confused with F! (F-one) as they used to denote the wild type F factor. The notation is being 
rectified. 
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Horowitz, N. H., M. Func, H. L. Macreop, and N. Sueoxa, California Institute of Tech- 
nology, Pasadena, Calif.: Multigenic control of tyrosinase synthesis is Neurospora——We have 
identified three unlinked loci in Neurospora crassa which function in the synthesis of tyro- 
sinase. At one of these (the 7 locus) there are four alleles. determining four structurally 
different forms of the enzyme. The latter are distinguishable on the basis of thermostability 
and/or electrophoretic differences. Two of the six possible heterocaryons between these alleles 
have been analyzed at this writing; in both cases the heterocaryon makes a mixture of the 
parental enzymes with no evidence of interaction between alleles.—The other two loci (ty-1 
and ty-2, respectively) are characterized by mutants in which tyrosinase synthesis is more or 
less completely abolished. These mutants carry one or another of the known alleles at the 
T locus. The latter can be extracted by crossing. The tyrosinaseless mutants are recessive to 
their normal alleles in heterocaryons; the form of the enzyme made by such heterocaryoas 
is determined by the 7 alleles carried in by the two parents.—Both tyrosinaseless mutants can 
be induced to form tyrosinase by growing them in the presence of any one of a number of 
aromatic amino acids. The form of the enzyme produced corresponds to the allele at the T 
locus.—The results indicate that tyrosinase synthesis is under multigenic control, but the struc- 
ture of the enzyme is determined by the T locus only. The other two loci have secondary roles, 
possibly concerned with regulating the appearance and disappearance of tyrosinase during the 
life cycle. This kind of control may be common for nonessential enzymes. (Supported by the 
National Science Foundation, The Nutrition Foundation, Inc.. and the Atomic Energy Com 
mission, Contract AT (04—3)-—41). 


House, Vert L., Ohio State University, Columbus. Ohio: The interaction of Hairless and 
engrailed with cubitus-interruptus-dominant and cubitus-interruptus-Wallace in Drosophila 
melanogaster.—The degree of interruption of the fourth longitudinal vein (L,) in combinations 
of Hairless (H) and engrailed (en) with cubitus-interruptus-Wallace (ci”) and with cubitus 
interruptus-dominant (ci?) exceeds that expected on a basis of additive mutant effects in com- 
>. At this temperature 
H/-+- possesses normal venation while ci¥/+ and ci?/+ are characterized by mean L, inter- 
ruptions of 18% and 48% respectively. These interruptions are increased to 66% in H/-+-; 
ci¥/+ and to 75% in H/+; ci?/+. Hairless possesses normal L, and L. venation in regions 
proximal to the posterior cross vein while H/+-; ci¥/+ and H/+; ci¥/ci® develop interrup- 
tions in these regions greatly in excess of the deletions characteristic of ci'¥/+ and ci¥/ci¥. 
The alleles ci and ci” produce a scalloping of the posterior wing margin at low temperatures, 
these effects being inhibited in the presence of Hairless. Engrailed produces an extra sex comb 
in the male, a cleft scutellum and venation along the posterior margin of the wing. All of these 
effects are inhibited in the presence of the ci alleles. (Work supported by a grant from the 
National Science Foundation). 


bination. These nonadditive effects are particularly pronounced at 18°C 


Hrusant, H. E., Long Beach State College, Long Beach, California: Analysis of differences 
in free amino acids in the blood plasma of three inbred strains of the house mouse, Mus musculus. 
—Statistically significant differences between genotypes were found in mice of the SEC/2-Gn-d 
strain for glutathione (DD high), glycine (Dd high), alpha alanine (DD high) and valine 
norvaline (measured together) (dd high). No differences were found between the genotypes in 
the CBA/Ca-se strain. Between the genotypes segregating in the Furless strain, there were 
significant differences found with respect to glutathione (fsfs high), aspartic acid (fsfs high), 
lysine (Fsfs high), and isoleucine-leucine (measured together) (Fsfs high). Significant differ- 
ences in the level of arginine, lysine, valine-norvaline, and glutamic acid were found between 
the sexes within a particular strain. Male and female SEC/2 mice differed in the proportion of 
arginine in their blood, the males being higher. CBA males differed from the females in their 
proportion of lysine (females higher than males), and valine-norvaline (males higher than 
females), while the proportion of glutamic acid in Furless males exceeded that in females by a 
statistically significant amount. All of these sexual differences disappeared, however, when all 
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mice of all three strains were grouped according to sex and analyzed together. The strains dif- 
fered statistically with respect to their relative proportions of glutathione, homocysteine, cystine, 
taurine, glycine, lysine, arginine, alpha alanine, beta alanine, valine-norvaline, and isoleucine- 
leucine. Despite the presence of the many significant differences, a fairly standardized metabolic 
pattern can be generated for each inbred strain of mice. 


Hucues, A. M., G. Becker, and M. Carvin, Lawrence Radiation Laboratory, University of 
California, Berkeley, Calif.: Effects of deuterium oxide (heavy water) on Drosophila melano- 
gaster—Drosophila males grown on media in which 10-30% of the added water was D,O had an 
increased sterility when compared to controls grown on normal media. The percentage sterility 
was dependent on the percent D,O in the media and on the strain. For example, Canton males 
grown on 20% D,O media and mated to Basc females resulted in 37% sterile matings, as com- 
pared to 15% sterile matings of untreated males. Females grown on media containing 20% 
DO and mated with normal males produced 10% less offspring than untreated females. In 3499 
offspring from treated females, as compared to 3174 offspring from control females, the sex 
ratio males/females was increased 13%. (P = .012) This change in sex ratio suggests chromo- 
some damage due to D,O. A developmental anomaly, characterized by abnormal fusion of the 
tergites, was observed in 11% of the flies grown on 20% D,O media, compared to 2% in flies 
grown on normal media. There is no evidence of increase in recessive lethals or influence on 
meiotic crossing over in flies grown on D,O concentrations as high as 20%. Studies of somatic 
crossing over, nondisjunction in the female, and nondisjunction and chromosome loss in the male 
(using normal females, attached-X females, and ring X males) are now in progress. 


Ives, P. T., P. M. Conkuin and L. R. Burwett, Amherst College, Amherst, Mass.: Radiation 
effects on different strains of Drosophila melanogaster —Tests were made of ¢ mutational and 
6 and 9 longevity responses to 7 radiation using inbred Oregon-R-278 and Samarkand-204-20, 
their reciprocal heterozygotes and the F, of 2 2 from the South Amherst natural population. 
Sperm released during six days in matings of irradiated ¢ to six new Basc 9 2 daily after 2.5kr 
showed similar daily mutation frequency patterns. There was, however, more than random 
heterogeneity within days and between strains, coming chiefly from ¢ ¢ with the Samarkand 
X chromosome. Longevity measurements after acute doses of 25, 52.5 and 100kr revealed notable 
variability in the survival curves of only the control and irradiated natural population F,. There 
were no striking strain differences in average postirradiation longevity. Both types of Samark- 
and/Oregon-R 2 2 were moderately heterotic with respect to longevity in all tests compared to 
the homozygotes. Oregon-R-278 control longevity was much reduced compared to 128 generations 
earlier and to the other strains tested here. This appears to be due to a deleterious non-visible 
mutation which also reduced the control longevity of ¢ ¢ from Oregon-R-278? 9 crossed to 
Samarkand ¢ ¢. Differences between strains and combinations with respect to average longevity 
were proportionately greater in controls than after irradiation so that we have been unable to 
compute satisfactory LD-50 values.—Both mutational and longevity responses to radiation appear 
to be subject to genetic modification in phenotypically normal Drosophila. 


Jaap, R. G., R. W. Tempe, and M. W. Murray, Ohio Agricultural Experiment Station, 
Columbus, Ohio: Nonadditive gene action on specific body tissues in the young chicken.—The 
genetic portions of the variance in weight of the comb, testes, spleen and bursa of Fabricius were 
high (0.7 to 0.9) in young chickens of the White Gold Randombred strain. Of the total genetic 
variance at hatching. nonadditive genetic effects accounted for approximately two thirds for 
comb, one half for bursa. and one third for testes weights. Genetic effects on spleen weight were 
mostly additive at hatching. At eleven days after hatching nonadditive genetic effects increased, 
accounting for most of the genetic effects on the comb, and for slightly more than one half on the 
testes and spleen. Nonadditive genetic effects on the bursa were about the same at both ages. 
Hormonal response of the comb and testes, prior to 11 days of age, appeared to be due to 
additive genetic effects. Testosterone stimulation of the comb reduced the nonadditive effects 
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from two thirds to less than one quarter of the total genetic variance. The P.M.S. gonadotrophin 
response of the testes, as well as the secondary comb response, was due to additive genetic effects. 


James, A. P.. Atomic Energy of Canada Ltd., Chalk River, Ontario: Dominance and over- 
dominance in radiation-induced mutations affecting a quantitative character in yeast—A sample 
of X-ray-induced and spontaneous mutations affecting rate of cell division were assayed for 
dominance and overdominance, The mutations varied in type from recessive lethal to those re- 
ducing rate of cell division in the haploid by as little as 3.5%. The mean growth rate of the 
heterozygotes for 29 recessive lethals or near-lethals was 8% lower than that of nonmutant 
diploid controls. A statistically significant reduction in rate of cell division was detected in 19 of 
these heterozygotes (reductions ranging from more than 30 to less than 2%). A significant 
increase (1%) in rate of cell division was detected in one heterozygote. The mean rate of cell 
division of heterozygotes for 29 negative but nonlethal mutations was 2% lower than that of 
controls. Significant reductions (ranging from 12 to less than 2%) in rate were detected in 13 of 
the heterozygotes and significant increases (2 and 3%) were detected in two of the heterozygotes. 


Janick. Jutes, and J. R. Eviis, Purdue University, Lafayette, Ind.: Identification of the sex 
chromosome in Spinacia oleracea.—The six primary trisomics of spinach (n = 6) have been 
obtained from triploid pistillate (XXX) x diploid staminate (XY) crosses. These have been 
named in accordance with distinctive vegetative characteristics viz. reflex. oxtongue, star, curled, 
wild and savoy. Staminate plants of each of the six phenotypes were crossed with pistillate dip- 
loids to determine which was trisomic for the chromosome containing the sex determining factor. 
All of the trisomics with the exception of reflex produced diploid progeny in a 1 g : 19 sex ratio 
whereas the corresponding ratio of the progeny of the reflex cross was 14 : 29. This indicates 
that reflex was trisomic for the sex determining chromosome with the genotype XXY. From 
cytological studies, each of the morphological trisomics has been associated with one of the six 
chromosomes. The chromosome associated with the reflex trisomic. the sex chromosome, is the 
longest chromosome and is characterized by a submedian centromere. No obvious hetero- 
morphism in this chromosome pair was observed in somatic cells. Heteromorphism involving this 
chromosome has been reported by ARATAJAN (1939) in S. tetandra and recently in two cultivated 
varieties of S. oleracea by ZoscuKe (1956) and Dresser (1958). However, their accounts differ 
markedly with respect to the morphology of the Y chromosome. The results of this study con- 
firm the existence of races which differ with respect to the morphology of the chromosome con- 
taining the XY factors. (This work was supported by the National Science Foundation, G4496.) 


Kater, H., The Children’s Hospital Research Foundation, Cincinnati, Ohio: Seasonal variation 
in frequency of cortisone-induced cleft palate in mice-—From November, 1953, to March, 1959, 
306 primiparous (C57BL/6 x A/Jax)F, female mice, crossed to A/Jax males, were given four 
successive intramuscular injections of 2.5 mg of cortisone acetate beginning 1114 days after con- 
ception. In most cases the young were removed before term. The mice bore 2281 offspring of 
which 2268 had examinable palates. Twelve of these had cleft lip with or without cleft palate. Of 
the remainder, 1012 (44.86 + 1.55%) were affected with median, post-alveolar cleft palate alone. 
—The distribution of cleft palate incidence by month of treatment showed a marked seasonal 
variation. Preliminary analysis of this situation showed that the frequency was much greater in 
the winter months, November to April (163 females, 1147 young, 56.36 + 2.07% cleft palate) 
than in the summer months, May to October (143 females, 1109 young, 36.07 + 2.11% cleft 
palate). This difference is statistically significant (t = 5.49 , P<.001).—Maternal conception 
weight was taken into consideration, since frequency of cortisone-induced cleft palate is associated 
with this attribute (J. Exptl. Zool. 134:449-468. 1957): but no difference was found between the 
winter- and summer-treated females (N-A: 23.00 + .22g: M-O: 22.84 + .20g: P = .5). A litter- 
size difference was found, however, in the same direction as previously noted (Am. J. Physiol. 
185:65-68, 1956), which apparently indicated an inverse association between litter size and 
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frequency of cleft palate (N-A: 7.15 + .14; M-O: 7.80 + .16; P<.01). (Work supported by 
grants from the National Institute of Arthritis and Metabolic Diseases, U.S.P.H.S., and the 
National Vitamin Foundation. Inc.. N.Y.) 


Kaptan, W. D., and S. OnNo, City of Hope Medical Center, Duarte, Calif.: The sex vesicle 
during meiosis in the male of Mus musculus and Rattus norvegicus——The X and Y bivalent, 
during first meiotic prophase, may be seen to lie imbedded within a structure known as the sex 
vesicle. This structure is made up largely of RNA as shown by treatment of squash preparations 
with RNAase. Digestion with this enzyme reveals the individual structures of the X and Y 
within the sex vesicle so that their relationships to each other during first meiotic prophase may 
be clearly seen. Under these conditions, the X and Y are found to be positively heteropycnotic 
and associated end to end. Crossing over between them is unlikely except, possibly, between the 
extremely short second arms proximal to the kinetochore. 


Kato, Ret and Georce YERGANIAN (Introduced by A. Tonomura). Children’s Cancer Research 
Foundation, Harvard Medical School, Boston, Massachusetts: Further observations on the sex 
chromosomes of the Chinese hamster-—The sex chromosomes display heteropycnosis during 
mitotic metaphase and the first meiotic stages. Colchicine-pretreated X chromosomes of sperma- 
togonial metaphases measure 5.0 u in length: the short arm is 2.0 « long and the long arm, con- 
sisting entirely of block heterochromatin, measures 3.0 # in length, with a nucleolar-organizing 
region (NOR) 2.0 u from the centromere. The mitotic Y chromosome measures 4.5 “. The short 
arm of the Y chromosome (1.5 “) exhibits extensive spiralization during prolonged colchicine 
pretreatment. In contrast, the corresponding short arm of the X chromosome displays an in- 
creased diameter of major spirals (1.5 «). thereby differing with the Y chromosome morpho- 
genetically except for the moment during meiotic prophase when distal halves of the short arms 
of both chromosomes are seen to associate. 





The meiotic prophase sex bivalent is an amorphous 
body. During meiotic metaphase, the heterochromatic arm of “block heterochromatin” of the X 
chromosome is greatly elongated, the NOR is “puffed.” and the distal 1/3 of heterochromatin 
consists of enlarged gyres of loosely spiralled strands. This affinity of the distal portions of the 
short arms is considered as a “Synaptic Position Effect’ which leads to the extensive development 
of the heterochromatin of the X chromosome only. Such an event may be necessary to instigate 
the pathways leading to spermiogenesis. Contrast this to the supposed normal staining X chromo- 
some bivalent in the female which is said to undergo crossing over. The distal 1/3 of the short 
arm of the Y chromosome is regarded as an “ activator” or “controller.” when coupled in the 
manner described above. 


Kevier, Epwarp C., Jr.. and Donatp F. MrrcuHety (Introduced by J. E. Wricut, Jr.), Penn- 
sylvania State University, University Park, Pa.: Interchromosomal genotypic balance in inbred 
lines of Drosophila melanogaster —Three inbred lines of Drosophila melanogaster were derived 
from a natural population and tested to determine interchromosomal genic relationships within 
and between the lines.—Seven quantitative characters were measured to estimate the effects of 
the various genetic manipulations; developmental rate. gross body dimension, wing length. 
bristle number (4th and 5th abdominal segments), percent fertility, percent fecundity, and egg 
laying rate-—-X chromosomes from each inbred line were combined with the autosomes of the 
other two lines. In one series of tests the donor X chromosome was recombined with a X chromo- 
some from the recipient inbred line. In another series there was no recombination (the X 
chromosome was transferred isogenically into combination with the recipient inbred line). In the 
third series the X chromosome from the donor inbred line was heterozygous with the recipient 
inbred X chromosome (in the females).—It was found that the insertion of identical X chromo- 
somes into the different autosomal backgrounds resulted in different mean expressions for all of 
the characters studied, but the effects were not predictable. These inconsistencies are the result 
of interchromosomal genic interactions.—In general the findings support those of MaTHeEr in 
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that the organization of the genotype can be considered on two levels, i.e., within chromosomal 
“balance” (linkage) and between chromosome “balance” (homologous chromosomes). There is, 
however, evidence for interchromosomal “balance” among the nonhomologous chromosomes, 
hence three levels of genotypic organization can be visualized at the present time. 


Krikupom_, Gary Y., Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee: 
Some aspects of the phenomenon of preferential segregation in maize-——LonGLEY (Genetics 30: 
100-113, 1945) first demonstrated that the abnormal chromosome 10 induces other chromosomes 
of the complement to segregate preferentially during megasporogenesis whenever one homologue 
is knobbed and the other is knobless. The literature contains little or no evidence to show 
whether the size of the knob is an important factor in preferential segregation. Experiments in- 
volving chromosome 9 have shown that, in general, the larger the knob the greater is the degree 
of preferential segregation for the loci associated with that knob. It has also been shown that 
whenever one homologue of chromosome 9 had a knob larger than that on the other homologue, 
preferential segregation favors the chromosome with the larger of the two knobs.—The incidence 
of crossing over in chromosome 9 was increased in the presence of the abnormal chromosome 10, 
and the amount of increase was found to vary with the size of the knobs on chromosome 9. Thus, 
in the knobbed-knobless heterozygotes, the increase over the control values was greatest when the 
largest knob was involved and least when the smallest knob on chromosome 9 was used. In the 
presence of the abnormal chromosome 10, however, the recombination frequency was increased to 
about the same level irrespective of knob size. Evidence favors the hypothesis that the abnormal 
chromosome 10 increases the frequency of crossing over and that preferential segregation is a 
function of crossing over. 


Kimpa.t, R. F., Nenrra Garruer, and SteLtA M. Wirson, Biology Division, Oak Ridge Na- 
tional Laboratory, Oak Ridge, Tennessee: The rate of loss of premutational damage after X- 
irradiation of Paramecium aurelia.—Earlier studies led to the following hypothesis about X-ray- 
induced recessive lethal mutations in Paramecium aurelia. Some portion (premutational dam- 
age) of the initial radiation effect is subject to loss during the period between irradiation and a 
terminal event at which the mutational process comes to completion. This terminal event is a 
particular stage in the normal development of the cell for division and is marked, for reasons as 
yet not understood, by a sharp drop in “sensitivity” to mutation induction. Postirradiation treat- 
ments were thought to decrease mutations by delaying the terminal event thus allowing more 
time for loss. Delay in the terminal event by posttreatment agents has now been measured by 
studies of the delay in the associated drop in apparent “sensitivity.” It has also been shown that 
loss of premutational damage does in fact occur. The rate of loss is decreased by posttreatment 
agents such as streptomycin and chloramphenicol, but the delay in the terminal event is still 
great enough so that the over-all effect is usually a decrease in mutation. The fact that various 
agents that inhibit syntheses, especially protein synthesis, decrease the rate of loss of premuta- 
tional damage is more in accord with the hypothesis that there is metabolic repair of damage 
than that these metabolic processes are a part of the pathway leading from initial damage to 
mutation. 


KrivsHENKO, Jakov, Department of Biology, University of Rochester, Rochester. N.Y.: The 
divisibility of the nucleolus organizer and the structure of the nucleolus in Drosophila busckii. 

In the salivary gland cells of D. busckii the nucleolus is located between the long distal and 
the short proximal euchromatic elements of the X chromosome. On (or in) the nucleolus a 
chromatic body is always present which is the visible part of the nucleolus organizer. It repre- 
sents the heterochromatized part of the chromosome, and sometimes is distinctly discoidal and at 
other times is a fibrillar or vesicular structure—During the period from 1949 to 1958, among 
numerous X-ray induced mutants, six lines were found which had chromosomal aberrations of 


different complexity; in each of them one of the breaks occurred in the nucleolus organizer. 
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These lines are: 1. mosaic [ #188, T(X:IIR) ]; 2. Cell (#321, inv.); 3. Small spots (#545, inv. 
and dupl.); 4. pin [#753, T(X:IIIL)]; 5. Small spots [#916, T(X:IIIL)]; and 6. F,-lethal 
[994, T(X:IIR:IIIR)]. The breaks which occurred in the nucleolus organizer are made ap- 
parent by the new permanent connections between the nucleolus and regions or parts of chromo- 
somes which otherwise are never found attached to the nucleolus. From the analysis of these 
connections it was concluded that the nucleolus organizer is divisible at many points along its 
length. Independently of its size, each fragment of the nucleolus organizer continues to function, 
but its effectiveness depends directly upon the size of the organizer. The frequency of breaks in 
the nucleolus organizer is apparently the same as (or at least is not lower than) in other regions 
of chromosomes.—The results of the study of the connections between the chromosomal elements 
and the nucleolus in normal and aberrant nuclei of salivary gland cells, using different types of 
microscopes (light, phase, and polarizing) and different methods of making preparations, allow 
us to conclude that the nucleolus of these cells represents a structure in which the microscopi- 
cally visible, as well as the unresolvable, branches of the nucleolus organizer take a direct part. 


La Cuance, Leo E. (Introduced by L. A. Gropzins), Brookhaven National Laboratory, Upton, 
N. Y.: The enhancement of chromosome aberrations by CO, and its dependence on the linear 
energy transfer of various radiations. When Tradescantia inflorescences are X-irradiated in 
air and compared to those irradiated in air plus CO,, the latter groups show an increase in 
chromosome aberrations (Proc. Natl. Acad. Sci. U. S. 38: 809, 1952). To determine if this 
carbon dioxide effect is common to other types of radiations, Tradescantia inflorescences were 
exposed to fission neutrons (energy range from 0.5 to 2.5 Mev) and to monoenergetic 15 Mev 
neutrons from a D, T reaction. In each experiment two groups of inflorescences were irradiated: 
one in air and the other in air plus 1 atm of CO,. The inflorescences were fixed four days 
after irradiation, stained with propiono-carmine and cells in metaphase were scored for dicen- 
trics, centric rings and interstitial deletions. With 300r of 250 KVP X-rays chromosome inter- 
changes increase 132%, and interstitial deletions increase 245% when the treatment is given 
in air plus CO,,. With a 10-minute exposure to 15 Mev neutrons (estimated 100 rads) chromosome 
interchanges increase 17% and interstitial deletions increase 25%, but only the latter difference 
is highly significant. A two-minute exposure to fission neutrons (estimated 50 rads) gave no sig- 
nificant difference in interchanges or interstitial deletions between groups irradiated in air or 
air plus CO,. The results indicate that the carbon dioxide effect appears only with radiations 
which have a low LET value. Since broken chromosomes can move over short distances to form 
aberrations, a tentative hypothesis is offered that carbon dioxide promotes the movement of 
breakage ends and favors rejoining. It is most effective when a large proportion of the breaks 
result from separate tracks. With radiations of high LET where two breaks result from one 
track, chromosome movement becomes less important and the carbon dioxide effect disappears. 
(Research carried out at Brookhaven National Laboratory under the auspices of the U. S. Atomic 
Energy Commission.) 


LaTrerRELL, Ricuarp L.! (Introduced by ArNoLp H. Sparrow), Biology Department, Brook- 
haven National Laboratory, Upton, N.Y.: Changes in radiosensitivity of maize chromosomes 
during seed germination.2—This paper describes changes in radiosensitivity of seeds during 
germination and attempts to relate these changes to alterations in physiological activity —Maize 
seeds heterozygous for alleles of the yg, locus were irradiated with 800r of X-rays after having 
been soaked at 27°C for times up to 36 hours. Somatic sectors, representing losses of the dominant 
allele, provide a criterion of chromosome breakage. Sector frequency increased gradually during 
the first 16 hours of germination then rose abruptly (10-14 fold) from 16-22 hours after which 
a plateau of radiosensitivity was reached.—Oxygen uptake was measured for samples of un- 
irradiated seed soaked for comparable periods. Rate of oxygen uptake increased steadily through- 
out the 36-hour period.—Dry seeds and seeds soaked up to 30 hours were irradiated in atmos- 
pheres of air or helium. The presence or absence of oxygen during irradiation of dry seed had 
no influence on the frequency of somatic sectors. However, a marked reduction in sector fre- 
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quencies resulted when seeds soaked for six hours or longer were irradiated in helium. The 
oxygen effect, i.e., increased aberration frequency in the presence of oxygen, was maximal at 
about six hours and decreased with longer periods of germination.—These findings suggest that 
the abrupt rise in radiosensitivity (16-22 hours) is related to metabolic changes and essentially 
independent of the effect of oxygen in enhancing chromosome breakage. Some physiological 
implications of these studies will be discussed. 


Levitan, M., Woman's Medical College of Pennsylvania, Philadelphia, Pa.: A non random 
association of inversions correlated with their geographic distribution—Several intensively 
studied local populations of the eastern woods species Drosophila robusta contain significantly 
fewer chromosomes combining gene arrangements 2L-3 and 2R-1 than expected on a random 
basis. The geographic distribution of these arrangements suggests that the selective disadvan- 
tage of the combination is widespread, for there tends to be an inverse correlation between the 
amounts of the two arrangements present.—At altitudes below 500 feet 2L-3 has frequencies of 
less than 1% below 40° N. latitude. Concomitantly 2R-1 decreases clinally from 50% to 20% 
as one proceeds northward. In a collection at 41° N. 2L-3 jumped to 25% and 2R-1 dropped to 
2% .—Between 500 and 999 feet 2L-3 is between 0 and 11% south of 41° N.; in two populations 
between 41° and 43°-N. it jumps to 30%. At these altitudes 2R-1, which decreases from 27.5% to 
10% with increased latitude, is generally nearer 20% where 2L-3 is close to zero, nearer 10% 
where 2L-3 is higer. North of 43° N. 2L-3 jumps to over 75% and 2R-1 falls below 5%.—Above 
1000 feet 2L-3 is 20% or higher, and here 2R-1 is always below 15% (even in the South). At the 
3rd parallel 2L-3 approaches 100% and 2R-1 about 5% or less. At these elevations, however, the 





relation of the two a rrangements to latitude and the inverse correlation between the two arrange- 
ments are much more irregular. Possibly additional ecological factors, such as the absence of the 
American elm from certain areas, become important in the higher altitudes. (Supported by a 
grant from the National Science Foundation. ) 


Lewis, E. B., California Institute of Technology, Pasadena, Cal.: Germinal and somatic rever- 
sion of the ivory mutant in Drosophila melanogaster —On the basis of attached-X and free X 
studies, the ivory (w') mutant lies to the left of the locus of white (w) at 1.5 in the X chromo- 
some. Crossing over appears to be significantly lower between w! and w (or w¢) than between 
w and other pseudoalleles of w such as, apricot, buff, and white-17G2. The pseudoallelic 
analysis of w! is also complicated by the occurrence of noncrossover reversions of ivory as well 
as wild type crossovers of the type expected on the basis that ivory is to the left of w (or w*"), 
the numbers being 21 noncrossover reversions to six wild type crossovers. The frequency of non- 
crossover reversions in different experiments varied between 6 among about 31,000 to 5 among 
about 187,000 ivory female gametes recovered. These reversions are probably reverse mutations 
rather than conversions since homoygous w! females also show a relatively high frequency of 
reversion (15 among about 290,000 ivory female gametes recovered). Reversion of w‘ occurs 
much more rarely in the male germ line. X-rays markedly increase the frequency of reversion 
of w' in the female germ line (29 cases representing a minimum of 8 or 9 separate occurrences 
of w! reversions among about 120.000 ivory female gametes recovered from females receiving 
about 4,000r). Only 16 reversions occurred, and these as a single cluster, among approximately 
125.000 ivory male gametes recovered from males receiving 3,000r. Somatically, reversions 
occur spontaneously, though rarely, in w! males and homozygous w‘ or w/w! females, and 
are increased significantly in such individuals following X-ray treatment in early larval stages. 
Frequency of somatic reversion of ivory provides a convenient index for measuring mutagenesis 
in Drosophila. (Work supported in part by a grant from AEC—At-04-3-41.) 


1 Public Health Service Research Fellow of the National Cancer Institute. 
2 Research carried out at Brookhaven National Laboratory under the auspices of the U.S. 
Atomic Energy Commission. 
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Lewis, H. W., and H. S. Lewis, Massachusetts Institute of Technology, Cambridge, Mass.: 
Quantitative aspects of the genetic control of tyrosinase activity in Drosophila melanogaster.— 
A survey of 40 strains of Drosophila melanogaster has shown that the level of tyrosinase ac- 
tivity in crude extracts varies over a wide range. These variations are not correlated with any 
phenotype associated with pigment formation. Mixing experiments with homogenates has shown 
that the reduced level of enzyme activity in the low enzyme lines is not due to the presence of 
an inhibitor. The nature of the genetic control of this enzyme system was examined by a series 
of crosses between low enzyme activity and high enzyme activity strains. In crosses involving 
Canton-S as the low enzyme level parental strain and a sable garnet (s g*) strain as the high 
enzyme level parent the tyrosinase activity of the F, approached the geometric mean of the 
parental activities. The enzyme activity of the progeny of subsequent backcrosses to the s g* 
strain likewise approached the geometric means of the parental values in each backcross genera- 
tion. This indicates that the level of tyrosinase activity is controlled by a large number of loci 
and therefore considerable variation in tyrosinase activity should be expected among the indi- 
viduals of a particular stock. Intrastrain heterogeneity for enzyme activity was measured 
using the Samarkand wild type strain. The progeny of single pair matings were assayed and a 
selection program carried out for a high enzyme level and a low enzyme level line. Such lines 
were readily established. Crosses between Samarkand and pink-peach (p?) as the high and low 
parental strains respectively revealed strikingly different genetic control of tyrosinase activity. 
In this case the mean level of enzymatic activity of the F, population was significantly higher 
than the arithmetic mean of the parental strains. 


Lies, M., Brandeis University, Waltham. Mass.: Factors influencing the postirradiation ap- 
pearance of mutants in Escherichia coli—Doses of UV light that produce little or no killing 
have been used to induce Try+ mutations in a tryptophane requiring strain of Escherichia coli 
B/r. The frequency of mutants that can be recovered is reduced if protein and DNA synthesis 
are suppressed immediately after UV. Incubation in a complete medium + chlorampenicol. in 
a medium lacking tryptophane, or in saline are all effective methods of reducing mutation. 
Selection can be excluded as an important factor in the decline in mutant frequency.—The 
great majority of mutants capable of growing without tryptophane appear only after the 
irradiated bacteria have divided 1-2 times. The appearance of mutant bacteria can be correlated 
with synthesis of DNA and protein, rather than of RNA. O-point mutations seldom account 
for more than 10% of all Try+ mutants, and are relatively less frequent after UV doses 
that produce appreciable killing. UV-irradiation of logarithmically-growing cultures produces 
few if any O-point mutations. X-ray studies suggest that the percentage of mutations that 
appear without intermediate cultivation is not directly related to the amount of killing produced 
by a given dose of radiation. but to its effect on mutation and nucleic acid synthesis. These 
findings will be discussed in relation to current theories of DNA replication and mutation. 


Ma, Te-Hsivu, (introduced by W. R. SincLeron). Blandy Experimental Farm. University of 
Virginia, Charlottesville, Va. Cytogenetic studies of gamma radiation of maize-——The ontogenetic 
development of Zea mays. L. was studied in the green house and the field: Ten ontogenetic 
phases were determined by morphological features. These covered the period from anther 
formation, microsporegenesis and sexual cell differentiation. Four cytological phases within this 
period were used for the study of effectiveness of induction of chromosome aberration and 
genetic change. These are pre-meiotic, meiotic. pollen mitotic and mature pollen respectively. 
These four cytological phases can be delimited by the morphological features of the ontogenetic 
phases.—Eleven hundred r of gamma irradiation from a cobalt-60 source was applied in a 
twenty-three and half hour period to the dominant tester plants at the early stages of each of 
the four cytological phases. Chromosome aberrations were determined from the material fixed 
at the cytological phases following the phase to which the treatment was applied, and from the 
fixations made immediately after treatment as well as from the fixations of F, plants. Mutations 
concerned in this investigation were confined to the endosperm characters and aleurone color 
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of the corn kernel. Genetic study was done by pollinating dominant tester stock to the untreated 
recessive tester stock. Gross mutants were scored from the resulting ears, pseudomutants and 
true mutants were differentiated by raising the gross mutant seeds and analyzing the ears which 
resulted from the selfed F, plants. Pollen mitotic phase was found to be the most effective period 
for the induction of chromosome aberration and genetic change.—A high rate of fragment- 
free bridges was scored in the F, population in addition to the expected transmitted aberrants. 
Hetero-fertilization played an important role in the genetic events. Restitution and rejoining of 
broken chromosomes as well as the screening out of fragments through cell division were 
apparent. 


McDona vp. D. J., Department of Biology, Dickinson College, Carlisle, Pa.: Sezx-linked selec- 
tion in Tribolium confusum.—The mutation Striped (“St”) is a recessive sex-linked lethal of 
Tribolium confusum. Heterozygous females have white stripes on their elytra while the elytra 
of surviving homozygous females and hemizygous males are entirely white. Since not more than 
10% of the two latter types survive and those that do are rarely fertile, selection against them 
is nearly complete. Therefore, in growing populations, in each generation the frequency of 
heterozygous females should be reduced to one half its value in the preceding generation. Data 
from large populations of heterozygous and wild type individuals, propagated by using 1000 
offspring from the previous generation to start the next, indicates that the frequency of heterozy- 
gous female declines more rapidly than predicted. However, since crosses of heterozygous 
females with wild males yield only 78% of the expected number of heterozygous female off- 
spring, adjusting the theoretical selection curve by including this partial selection against 
heterozygous females improves the fit of the theoretical to the experimental curves.—In popula- 
tion cages additional factors may influence the course of selection again “S?”’. If offspring are 
collected as they emerge the ratio of wild females to heterozygous females declines from a value 
of 1.8 to about 1.1, indicating a later eclosion for the heterozygous females. There is also evidence 
of fertility and longevity differences between these two types of females. (Research supported by 
NSF Grant G—5488 and USPHS Grant RG—5406.) 


MacRae, Epira Krucevis, and Ira M. Rosenruar, University of Illinois, College of Medi- 
cine, Chicago, Ill.: Enzyme studies of hereditary acute and congenital porphyrias.—Acute 
porphyria and congenital porphyria in the human organism have been described as disturbances 
of porphyrin metabolism. Acute porphyria (a Mendelian dominant) is characterized by urinary 
excretion of porphobilinogen (PBG), an intermediate of porphyrin metabolism. Congenital 
porphyria (a Mendelian recessive) is characterized by urinary excretion of uroporphyrin (U) 
and coproporhyrin (C). Hemolysates of red blood cells (RBC) from both porphyria types were 
tested and compared with those of normal controls with regard to enzymatic conversion of $- 
amino levulinic acid (ALA) to porphobilinogen (PBG) and PBG to uroporphyrin (U). In the 
case of acute porphyria (5 cases), RBC hemolysate studies do not indicate any enzymatic block 
in the conversion of ALA to PBG or PBG to U. The genetic disturbance probably resides in 
steps prior to the formation of PBG rather than in utilization of PBG. In the case of congenital 
porphyria (1 case), RBC hemolysate studies indicate a conversion of ALA to PBG and PBG to 
U similar to normal controls. However, PBG is converted to the isomer I of U as well as to the 
isomer U III. In normal RBC hemolysates only U III is formed. This study indicates that the 
genetic disturbance may reside in the conversion of PBG to U III. These latter results are in 
agreement with those of Rimrncron and Boors (1957) and Granick and Mauzeray (1958). 
(Work supported in part by a University of Illinois Research Grant. ) 








Macurre, Marsorie P., University of Texas, Austin, Texas.: A study of homology between 
a terminal portion of Zea chromosome 2 and a chromosome segment derived from Tripsacum. 
In the course of studies on cytogenetics of Zea mays hyperploid for chromosomes derived from 
Tripsacum dactyloides a 2N +1 stock was isolated containing a pair of Zea-Tripsacum inter- 
change chromosomes. One of these chromosomes carried a terminal portion of Zea chromosome 
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2S attached to a segment of a Tripsacum chromosome bearing no apparent homology to any Zea 
chromosome. The reciprocal exchange contained the remainder of Zea chromosome 2 including 
its centromere and a portion of the Tripsacum chromosome marked by a terminal knob equal 
in length to the distal segment of Zea chromosome 2S for which it had been exchanged. Genetic 
tests indicated that this latter Tripsacum segment carried “Lg” and “Gl” genes capable of domi- 
nating “lg,” and “gl.” genes of Zea chromosomes 2S, although recombination between Zea 
chromosome 2 and Tripsacum segment in this region was very rare. At pachytene in disomic 
plants carrying one normal Zea chromosome 2 and one exchange ZT chromosome 2, the cor- 
responding Zea and Tripsacum segments were commonly paired throughout, although pairing 
failure, usually terminal, occurred with varying frequency and extent in this region. In studies 
of more than 8,000 clear cells similar pairing failure was observed to a lesser degree in pachy- 
tene bivalents of each of the other chromosomes. The distributions, frequencies and extents of 
these failures were studied where possible and certain correlations noted, such as a direct re- 
lationship of relative chromosome length to failure frequency. The findings are discussed in re- 
lation to the concepts of chromosome homology and synapsis. 


Ma.inc, Barsara, Department of Biological Sciences, Stanford University, Stanford, Cali- 
fornia: The alteration of crossing over in Neurospora crassa by analogues by thymine and phenyl- 
alanine.—A variety of agents were screened for their effect on crossing over by measuring the 
frequency of prototrophic progeny from a cross between linked nutritional mutants. The most 
effective treatments were tested further by analyzing ordered asci (350 to 500 for the control 
and each treatment) from a cross in which crossing over could be detected in five intervals in 
two linkage groups. Nutritional requirements were determined by replica plating. To obtain 
accurate estimates of exchange frequencies in gene-centromere intervals, correction was made 
for ascospore rearrangement which could be attributed to partial overlap of second division 
spindles. The frequency of partial overlap was significantly increased by the treatments.—p- 
fluorophenylalanine causes a significant increase in crossing over near a centromere and 5-bro- 
mouracil causes significant decreases in mid-arm intervals. Positive chiasma interference exists 
in both linkage groups, but is stronger in one group than in the other. Chiasma interference is 
not affected by treatment. Negative chromatid interference is highly significant in crosses 
treated with 5-bromouracil.—It is possible that 5-bromouracil and p-fluorophenylalanine act by 
producing abnormal structural components in the chromosomes. However, even if this hypoth- 
esis were correct, these analogues need not be directly involved in crossing over. The fact that 
these agents elicit different responses in different regions of the chromosome indicates that they 
may not act solely by altering the lability of a particular type of chemical bond distributed 
throughout the chromosome. (Supported in part by National Science Foundation research grant 
3840 and by Public Health Service research and training grants E1462 and 2G-158.) 


Marcouin, Pau, Biological Laboratory, Cold Spring Harbor, N. Y.: Linkage order and com- 
plementation among nonidentical alleles of the leucine locus of Salmonella typhimurium.— 
Using transduction, the order of the sites of more than 20 spontaneous, independent leucine auxo- 
trophs have been determined. The recombination frequencies were obtained from three point 
tests involving two independent leucine alleles plus arabinose as an outside, closely linked marker. 
Reciprocal transductions between two such alleles and comparisons of the ratios of ara* to ara 
among the resultant prototrophic recombinants permit a determination of the relative positions 
of the alleles, although linkage distances cannot be accurately determined.—Transductions are 
being continued to add more sites to the linkage map, using the more than 100 additional leucine 
auxotrophs which are available. The alleles are also being tested for their sensitivity to various 
mutagenic agents with respect to reversion to prototrophy. This is being done to determine if 
there are regional patterns of response.—All leucine auxotrophic alleles tested thus far were 
found to fall into four complementation groups as determined by the formation of minute col- 
onies indicative of abortive transductions. Each allele is capable of complementing all other alleles 
except those within its group. Thus far each group is linearly homogenous. Tests of a sample of 
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alleles from the four complementation groups indicate that no feeding occurs between auxotrophs, 
whether of the same or of different groups. 


Martin, ALBERT, Jr., Veterans Administration Neuropsychiatric Hospital, Pittsburgh 6, Pa.: 
Varieties 1, 11, and III in the species Vibrio tyrogenus.—Tap water, after passage through a Selas 
03 filter, yields a luxuriant growth of Vibrio tyrogenus when inoculated into two percent tryp- 
tone broth and incubated for 1-4 weeks at 30°C. Three distinct varieties of this species may be 
differentiated on the basis of culture characteristics and slide agglutination tests. The chief 
criteria for the establishment of three varieties are as follows: Variety I, light general turbidity 
with little or no discoloration of two percent tryptone broth nor rabbit blood agar: variety IT, 
marked turbidity with amber coloration of two percent tryptone broth, and an olive-green dis- 
coloration of rabbit blood agar; and variety III, heavy surface pellicle, general browning of two 
percent tryptone broth, and little or no discoloration of rabbit blood agar. Human sera tested for 
antibody content shows a marked three-plus agglutination using variety II as the antigen, and 
variations from one to three-plus when variety I or III is employed as the antigen. The protein 
of both varieties is sufficiently similar, however, to elicit a positive reaction with 98 percent of all 
sera tested, and does thereby attest to a common genotype for this fresh-water free-living sapro- 
phyte. Media made by laboratory procedures employing distilled water, even filtered distilled 
water, may possess either one or all varieties of this species. Particular attention must, there- 
fore, be given to the sterilization of culture media in all microbiological procedures employing 
fresh, distilled, or filtered water. The phenotypic, and thus genotypic, varieties discernible in this 
species are of value in following the effect of continued artificial cultivation on bacteria, and the 
incidence, frequency, and similarity of reverse mutations. 


Mecnet, Ro.anp (introduced by N. H. Gites), Yale University, New Haven, Conn.: Comple- 
mentation between allelic adenylosuccinaseless mutants at the Ad,-locus of Schizosaccharomyces 
Pombe.—Of 54 UV-induced, adenine-specific, haploid mutant strains of Schizosaccharomyces 
Pombe str. liquefaciens, 24 mutants have been found by genetic tests to be at the ad-8 locus. These 
ad.-mutants lack the enzyme adenylosuccinase and are thus similar to ad-4 mutants of Neuro- 
spora crassa. To test for possible interallelic complementation at the ad,-locus, an additional gene 
resulting in a growth factor requirement (either ur, or arg,) was introduced into each of these 
mutants. Matings in all possible pairwise combinations have been initiated to produce diploid 
cells with the genotype ad,/ad,, Ur ,/ur,,/Arg,/arg,, h*/h-. In a certain number of combinations 
of ad,-alleles, interallelic complementation has been found to occur; i.e., certain combinations of 
haploid cells give rise to adenine-independent diploid cells. The specific activity of adenylossuc- 
cinase in these complementing heterozygous diploids does not exceed 25% of the activity in the 
wild type. 


Menricce, L. W., and Raz Puetps Mericie, Michigan State University, East Lansing, Michi- 
gan: Changes in amino acid content induced by the X-radiation of developing barley embryos.— 
Barley embryos (Hannchen variety) within developing heads of plants were exposed to a single 
acute dose of 400r X-rays at specific stages of embryogeny. Control and irradiated embryos were 
permitted to remain on the plants until differentiation was complete, then were dissected from 
the grains and hydrolysed in HCl. Single and two-dimensional paper chromatograms of the 
amino acids were prepared from the hydrolysates. Although 18 amino acids were qualitatively 
identified in the control materials, a few of them were not resolved sufficiently to permit indi- 
vidual quantitation. Three of the six irradiated samples showed depression of total amino acid 
content in the hydrolysate on the basis of dry weight: none showed an increase. In all the 
irradiated samples, certain amino acids assumed new quantitative relationships to one another, 
usually as a result of their differential depression. Among the more marked changes, proline, 
threnonine, valine, and cystine/cysteine were depressed in some instances to the extent of non- 
detection. Glutamic acid, on the other hand, was most commonly increased to levels above that 


of the controls. Alanine and tyrosine showed the greatest fluctuations varying from a marked 
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depression (with tyrosine sometimes not being detected), to no depression below control levels 
even when the total amino acid content was markedly down, while at other times higher than 
control levels (with tyrosine in one instance amounting to twice that found in the controls). 
These results show that X-radiation may have not only an over-all depressing effect on total 
amino acid content, but also a differential effect on the individual amino acids. None of the 
amino acid differences, however, either collectively or individually appeared to be stage specific 
or radiation specific. (Supported by the Atomic Energy Commission. ) 


Mere, Davin J., University of Minnesota, Minneapolis, Minn.: Heterosis in DDT resistant 
and susceptible populations of Drosophila melanogaster — Two DDT resistant populations, each 
approximately 100 times as resistant as its control, were crossed and the F, and F, hybrids tested 
for fecundity, fertility, and DDT resistance. Similar crosses and tests were made with the con- 
trols. Heterosis was observed in the resistant F, hybrids for all three traits, but only for fecundity 
in the F, control hybrids. F., values were generally somewhat lower than the F,, but there was 
no indication of hybrid breakdown in the F,,. Since each of the four originally heterozygous pop- 
ulations had been maintained in isolation for six years, evidence was sought for the development 
of coadapted genetic systems during this period, but no indications of coadaptation were found. 


Merz, Trmorny, Norman S. Conn and Cart P. Swanson, Department of Biology, Johns 
Hopkins University, Baltimore, Maryland: The interaction of localized and randomized 
chromatid breaks produced by treatment with X-rays and radiomimetic compounds.—It has 
been demonstrated that compounds such as 8-ethoxycaffeine and maleic hydrazide affect specific 
regions of the broad bean chromosomes resulting in localized chromatid breaks. Two types of 
experiment were used to determine whether breaks induced by one agent would interact with 
those produced by treatment with another. The first is used with agents which produce breakage 
frequencies undiminished in the presence of metabolic inhibitors. Since these inhibitors (such 
as DNP) prevent restitution, all of the breaks induced by one agent should be available for 
interaction with the breaks produced by another. Using this method, the interaction of breaks 
resulting from KCN treatments (localization in the heterochromatic regions of the chromo- 
somes) and X-ray treatments (randomized breakage) were tested; exchange frequencies indi- 
cated that complete interaction had taken place between the breaks. The second type of experi- 
ment is used when breakage frequencies produced by treatment with one or both agents are 
diminished in the presence of metabolic inhibitors and treatment by both agents results in 
characteristic breakage in specific regions of the chromosome. Such is the case with 8-EOC and 
MH. Exchanges between breaks at different specific localities indicated interaction, and some 
qualitative similarity, whereas lack of interaction indicates, qualitative differences. An analysis 
of this kind of interaction or lack thereof leads to information regarding chromosome structure 
particularly at specific breakage points. (Supported in part by The National Institutes of Health, 
The National Science Foundation and The U.S. Atomic Energy Commission.) 


Meyer, HevLen U., Evizasern F. Enruicu and H. J. Murer, Indiana University, Blooming- 
ton, Ind.: Tolerance of gonial cells of Drosophila melanogaster for heavy X-ray doses divided 
into installments.—To explore ways of obtaining offspring from heavily irradiated gonia, X-ray 
installments of 1500r, 3000r, and 4000r were given to young imagoes. To promote gonial pro- 
liferation, installments were separated by 2-, 4-. 5- or 8-day intervals, during which the flies 
fed and reproduced actively. Adult offspring from eggs laid in successive broods after the last 
irradiation were counted. After female irradiation, only the first two 4-day broods (from 
treated oocytes) were strongly affected by size of installment. The earliest broods representing 
treated gonia (brood 3 from treated females, broods 4 and 5 from treated males) gave the 
highest yields. Four-day intervals gave distinctly higher yields than 2-day, but not much lower 
than 8-day intervals. Tolerance varied greatly with genotype. Thus, with 4000r installments 
five days apart, 8000r sterilized all oogonia of a homozygous stock marked only by veinlet. 
while 24,000r allowed some oogonia of normals from outcrosses to reproduce. With similarly 
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given installments, 12,000r sterilized all spermatogonia of yellows while 24,000r allowed some 
spermatogonia of Stubbles to reproduce. In experiments ranging from 6,000r to 24,000r, the 
yield of offspring from treated oogonia was approximately halved by each 3000r given (as 
contrasted with 2000r for the halving dose earlier found when late spermatozoa are irradiated 
in males). The following sex-linked lethal frequencies were induced in oogonia in the last- 
mentioned series: 12,000r (3000r installments), 13/244; 16.000r (4000r installments), 15/175; 
24.000r (4000r installments), 19/125; that is, 1% per 2000r. Crossover tests showed these very 
rarely to include gross structural changes. (Work supported by a grant from the U.S. Public 
Health Service, Grant No. RG 5286 (C1).) 


Morse, M. L., University of Colorado Medical Center, Denver 22, Colo.: Recombination and 
segregation in Gal heterogenotes showing position effect—-The Gal,-, Gal,-, Gal,-, Gal,- 
mutants of E. coli K-12 fail to produce an active Gal-P-transferase enzyme. These mutations 
are separable in crosses, the frequency of Gal+ prototrophs being 0.1—3.0 x 10-4. Previous analy- 
sis by lambda bacteriophage transduction of Gal,, Gal, heterogenotes indicated that they were 
members of a cistron, with mutant phenotype (—) in trans-positions(-+-—, +, +/+—) 
and wild type (+) in cis-positions( fet 44 / ). Heterogenotes have been made 
between all members of this group. Excepting the Gal,. Gal, pairs, heterogenotes have: (1) a 
mutant phenotype in the trans-position; (2) wild type phenotype in the cis-position. Both 
Gal,, Gal, trans—position heterogenotes have a (-++-) or intermediate (+) phenotype and both 
cis—position heterogenotes are (+). The anomalous behavior of Gal,, Gal, violates the cistron 
concept. Similar observations have been made by PontrEcorvo (adenine mutants of Aspergillus) 
and probably by E. Leperserc (Gal,, Gal, mutants of E. coli). The (—) phenotypic trans- 
position (-+ +, —-++-/-+-—) heterogenotes segregate Gal- and in addition undergo automictic 
recombination to yield (+). The probability per division of segregation from the trans- 
position is 1-3 x 10-°, not significantly different from the probability in nonposition effect 
heterogenotes. The probability per division of automixis between Gal,, Gal,. Gal,, Gal, (except- 
ing Gal,, Gal.) to give (+) is 0.3 —5.0 x 10-4, ten-fold lower than the segregation probability, 
and not significantly different from the meiotic crossing over rate. 


Munpkur, Batast, Department of Anatomy, University of Chicago, Chicago 37, Ill.: The 
fine structure of vesicular nuclei in frozen-dried Saccharomyces.—Cytological work at the light 
microscope level has revealed that nuclei in frozen-dried preparations cleave by elongation and 
medial construction without dissolution of the nuclear membrane. They are never differentiated 
into morphologically detectable chromosomes at any stage of nuclear division but have their 
DNA in extraordinarily uniform dispersion as submicroscopic particles throughout all stages 
of division. Nevertheless, interphase nuclei in a polyploid series exhibited progressive volume 
increments from haploid to tetraploid, as expected. Electron micrographs of sectioned yeast 
have now been obtained after ultra-rapid freezing and drying. followed by postfixation in vacuo 
with alcohol vapor and/or heat denaturation of cellular protein. Selected micrographs illustrat- 
ing the appearance of cells following various staining procedures will be shown; these include 
the use of gallocyanin-chromalum for basophilia, as well as control treatments involving 
ribonuclease and perchloric acid extraction, alcoholic platinic tetrabromide as a general stain, 
and lead nitrate for the precipitation of vacuolar inclusions. The use of the Feulgen stain was 
not satisfactory for study with the electron microscope. The nucleus is clearly differentiated and 
reveals dispersed submicroscopic particles measuring about 250 A, as well as hitherto unde- 
termined structural organization of submicroscopic dimensions. Because of difficulties in 3- 
dimensional reconstruction and the necessity of additional work of an essentially technical 
nature, discussion of the genetical implications of these discoveries in vegetative and sporulating 
cells is currently premature. (Supported by the National Cancer Institute. The Commonwealth 
Fund, and the Ciara A. and Watiace C. Assorr Memorial Fund of the University of 
Chicago.) 
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Nanney, D. L., California Institute of Technology, Pasadena, Calif., and University of Illinois, 
Urbana, Ill.: Serotype determination in Tetrahymena pyriformis, variety 1.—Potentialities for 
the high temperature serotypes, 14H and R, described by Marcon et al. (1959) for T. pyri- 
formis, segregate in crosses as if controlled by allelic genes. However, the expression of these 
genes in heterozygotes involves a mechanism of mutual exclusion or “indeterminate dominance”. 
Heterozygous cells removed from conjugation by only 10-15 cell generations usually manifest 
both serotypes, but to different degrees. By 100 cell generations 80-90% of the cells manifest 
only 14H or R. The patterns of intraclonal variation and the rates of fixation of pure types are 
essentially identical to those observed with mating type “stabilization” in this organism 
(ALLEN and Nanney 1958) and require the same explanation. Some of the diploid and 
genetically equivalent subnuclei in heterozygous macronuclei are differentiated to express the 
R serotype; others are differentiated to express the 14H serotype. The diverse subnuclei are 
then passively assorted during cellular proliferation, and pure sublines are produced by “intra- 
nuclear epigenetic drift”. Differentiations at the subnuclear level appear irreversible. No 
cytoplasmic effects on these nuclear differentiations have been discovered. Environmental! 
effects have not yet been explored. (Supportd by a Senior Post-doctoral Fellowship from the 
National Science Foundation. ) 


Newcomer, Eart H.. Botany Department, University of Connecticut, Storrs, Conn.: A 
cytological demonstration of an X-ray induced chromosomal translocation in the domestic fowl. 
—The cytological appearance and behavior of an X-ray induced reciprocal translocation between 
the first and second chromosome of the domestic fowl is described and its relevance to the 
further definition of linkage studies and chromosome mapping in the fowl] is observed. 


Nicotetti. B., and D. L. Linnsiey. Biology Division, Oak Ridge National Laboratory. Oak 
Ridge, Tenn.: Reciprocal translocations between the X and the Y chromosome in Drosophila 
melanogaster.—X/Y sperm from X/sc8-Y/Y-BS males were irradiated in order to induce recipro- 
cal translocations between the X and the Y chromosome. X/X/Y daughters of the irradiated males 
were mated individually and their progeny scored for the presence of T(X;Y). The translo- 
cations were characterized by linkage between the irradiated X and Y. Approximately one per- 
cent of X/Y sperm irradiated with 4000r carried a newly induced T(X;Y)1S.—The break point 
distribution along the X chromosome has been cytologically and genetically determined; breaks 
seem to occur preferentially in the proximal quarter of the X. The two arms of the Y chromo- 
some seem to be involved with approximately equal frequency.—The majority of these transloca- 
tions are male sterile or male lethal, although the male sterility may in some cases be covered by 
an extra normal Y chromosome. Anticipating this we designed the crosses so that the transloca- 
tions were initially recovered in females.—Since these experiments produce X chromosomes 
broken at different points along their length, the duplications and deficiencies derived from 
them provide valuable tools for other studies. 


Ortas, E., (Introduced by David L. Nanney), University of Michigan, Ann Arbor, Mich.: 
The mechanism of mating type determination in variety 8, Tetrahymena pyriformis.—V ariety 
8 of Tetrahymena pyriformis shows the same pattern of mating type determination as Parame- 
cium bursaria and as variety 2 of T. pyriformis. This pattern is characterized by (1) an almost 
perfect correlation in mating type between the four caryonides of a pair—caryonide is the clone 
whose members share, by common descent, one of the four macronuclei developed during conju- 
gation—and (2) a high frequency of parental mating types among the progeny of a cross.—The 
underlying basis for this pattern has now been shown to be genetic for the case of variety 8. The 
three mating type specificities found in nature are controlled by three alleles of the “mz” locus. 
The pattern of dominance is such that a clone carrying at least one mt allele exhibits mating 
type I; a clone carrying at least one mt®, but no mt‘, allele exhibits mating type III, while the 
homozygote for the most recessive allele, mt°, exhibits mating type II. Since the organism is 
diploid, six genotypes are possible with these three alleles, and they have all been synthesized.— 
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Slight deviations, both qualitative and quantitative, from expectations have been detected in 
several crosses, and are best explained as due to a high rate of “mutation” of mt4 to mt©. More 
spectacular deviations are found in crosses of the selfers—clones within which mating occurs— 
which arise in low frequency in many crosses. Under investigation is the possibility that these 
deviations result from the presence of unstable alleles of the mt locus in the germ line, which 
breed true vegetatively, but which are capable of stabilization at the time of meiosis. If true, this 
phenomenon may be related to the instability of mating type expression detected only in somatic 
nuclei of other Ciliates (e.g., variety 1 of T. pyriformis). 


Oster, I. I., and M. C. Sutcuirre, The Institute for Cancer Research, Philadelphia, Penna.: 
The mutagenic effects of quinacrine mustard.—Recently it has been reported by O. G. and M. J. 
Faumy that certain amino acid analogues of nitrogen mustard exhibit specificity in regard to 
their effects on specific cell types and chromosome regions in Drosophila. To further investigate 
these effects genetic experiments have been undertaken with analogues of nitrogen mustard con- 
taining a quinoline (antimalarial type) moiety. These compounds have been chosen because they 
are strong alkylating agents, have a strong affinity for nucleic acid, have been shown to possess 
mitosis- and tumor-inhibiting properties by H. J. Creecu, and have specific pharmacological 
effects due to the carrier portion of the nitrogen mustard. They also possess the advantage of 
being capable of having considerable modifications made in the ring and side chain structures of 
the quinoline carrier of the nitrogen mustard with a view toward increasing the activity and/or 
selectivity of the mustard group. As a preliminary step it was necessary to show that these com- 
pounds are mutagenic when applied to Drosophila germ cells. Adult males (1-2 days old) were 
injected with .01M quinacrine mustard (2-methoxy-6-chloro-9-[4-bis(8-chloroethy]) -amino-1- 
methybutylamino Jacridine) and were mated to virgin females for three days. In the treated 
series the frequencies of lethals and translocations were 1.6% (8/511) and 0.4% (1/252) re- 
spectively, while untreated flies yielded 0.4% (6/1537) lethals and no translocations (0/1252). 
These results indicate that quinacrine mustard is mutagenic in Drosophila, being approximately 
as effective as the parent compound, nitrogen mustard. The relative efficacy with which this 
mustard compound and related derivatives produce different types of genetic damage will be 
discussed. 


Prexin, Saran BepicHeK, Howard University, Washington, D.C.: Sex balance in Drosophila 
melanogaster: aneuploidy of long regions of chromosome 3.—Triploid aneuploid studies of long 
regions of chromosome 3 confirm the findings of short region studies previously reported in that 
no shift toward intersexuality is found in any hypertriploid female carrying in excess of 3X3A 
a long section of chromosome 3. Either the left end fragment or the right end fragment of two 
different translocations, T (3.4) 85C and T(3,4) 89E, broken at 85C and 89E, respectively, may 
be added to the 3X3A complement, producing hypertriploid females. In addition the left end 
fragment of TA(3.4) 12, broken at 73C, plus 3X3A results in a hypertriploid female. Hyper- 
intersexes, with 2X3A plus either 85C L, 85C R, 89E R, or 12 L are usually of the extreme male 
type intersex, but the number of teeth in the sex combs averages fewer than in control intersexes. 
Long interior regions of chromosome 3 have been studied, but when the section exceeds 200 mm 
of Bripces’ salivary map drawing, the overlap method breaks down owing to confusion of pos- 
sible aneuploids with forms arising from nondisjunction of all parts of both translocations in the 
male parents heterozygous for two different translocations. In no instance was a sex shift found 
in hypertriploid females or in hyperintersexes for long interior regions of chromosome 3. Inter- 
sexuality in ordinary 2X3A triploid intersexes must therefore be dependent upon a dosage 
change in both the 2 and 3 chromosomes since present aneuploid studies of long and short regions 
of chromosome 3 alone or of chromosome 2 alone (Prekr1n 1947) do not show a sex shift in 
hypertriploid females. (This work was supported by Grant C-3453 awarded by The National 
Cancer Institute, U.S. Public Health Service, Bethesda 14, Md.) 
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Ravin, A. W., University of Rochester, N.Y.: The sites of mutations causing impaired synthesis 
of capsular polysaccharide in Pneumococcus.—From encapsulated strains of Pneumococcus have 
been isolated a number of mutants of independent origin characterized by impaired synthesis of 
the specific capsular polysaccharide. These mutants fall into four distinct phenotypic classes: full 
capsule (N), reduced capsule (2), incomplete capsule (1), and no detectable capsule (R). Mutants 
of the former two classes may be distinguished from each other and from mutants of the latter 
two classes by the morphology of the colonies they produce. Mutants of the latter-two classes are 
not distinguishable on the basis of colonial morphology, but can be separated on the basis of 
response to anti-R sera—-DNA-mediated transformations may be performed to determine the 
genotypic similarity of any two capsular mutants. While the DNA from cells of one mutant 
strain always fails to induce encapsulated transformants in cells of the same mutant clone, it may 
induce such transformants in cells of a different mutant clone. Depending on its origin (whether 
derived from an N-type or a 2-type cell), an R-type or 1-type mutant will produce characteris- 
tically either N-type transformants, or 2-type transformants, or both types of transformants, in 
response to the DNA of a different R-type or 1-type mutant.—Experiments have been designed 
to determine the relative frequency, at the cellular level, of transformation to a particular en- 
capsulated type, using as an index the frequency of transformation to some other character (such 
as erythromycin- or streptomycin-resistance) or to some other encapsulated type. Results of such 
experiments reveal that most of the mutations resulting in impaired capsular synthesis occur at 
sites that are closely linked to each other in the bacterial genome. From transformations involving 
certain pairs of recipient and DNA-donor strains, it may be possible to map the order of the 
mutated sites in a postulated linear sequence. 


Roman, H., and D. C. Hawrnorne, University of Washington, Seattle, Wash.: Reciprocal vs. 
nonreciprocal recombination in mitotically-dividing cells of yeast——We have a system in yeast 
which permits us to identify all of the products of an individual recombinational event occurring 
in mitotically dividing cells. We are looking for evidence of the reciprocality vs. the nonrecipro- 
cality of the recombinational event. Recombinations in regions between marked loci are prin- 
cipally reciprocal whereas allelic recombination (gene conversion) is principally nonreciprocal. 
Moreover, the response of each type of event to ultraviolet light is different: the frequency of 
allelic recombination increases exponentially with UV dosage whereas the response of recombi- 
nation between loci appears to be linear. The evidence is in support of the hypothesis that the 
two events are due to different mechanisms. 


Rupkn, G. T., Institute for Cancer Research, Philadelphia 11, Penna.: A comparison of the 
incorporation of tritiated thymidine and cytidine into giant chromosome puffs.—Swollen regions 
(puffs) of the giant chromosomes in Dipteran larvae have been found by many workers to ac- 
cumulate disproportionately large amounts of one or some of the three basic chromosomal con- 
stituents, ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and protein. When, as was the 
case in a puff in section 60 of the second chromosome (2R) of Drosophila melanogaster, little or 
no quantitative changes are found to accompany puff formation, the possibility remains that 
rapid synthesis is counterbalanced by equally rapid loss of the product from the chromosome. For 
the present study, a tritium labelled nucleic acid precursor (H*-thymidine or H*-cytidine) was 
injected into late third instar Drosophila larvae and incorporation into the two major nucleic 
acid fractions of chromosomes was studied by autoradiography. Exposure to the isotope was for 
one to seven hours followed by fixation in 45 percent acetic acid. During the exposure period 
puparia were formed, puffs appeared in some chromosome regions and regressed in others, and 
still other regions remained puffed throughout the period. In all cases, puffs present in the 
chromosomes of prepupae were selectively labelled when tritiated cytidine was administered, 
indicating a relatively high turnover in the ribonucleic acid portion of the puffs. Very few 
chromosomes were labelled by H*-thymidine ‘although puffs did form, showing that synthesis 
of DNA is not necessary either for puff formation or maintenance. Comparison of grain counts 
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over puffed and non-puffed regions into which H*-thymidine was incomporated confirmed the 
earlier conclusion that DNA synthesis is not disproportionately large in these puffs. On the con- 
trary, the number of grains over the puff regions was lower than would be expected if incorpora- 
tion were proportional to the relative ultraviolet absorbency of the puff region (puff to nonpuff, 
observed: 13.5:4.8; expected: 11.2:7.1 in thirteen chromosomes). The difference is not statistically 
significant, but is qualitatively supported by the paucity of grains observed over other puffs for 
which relative absorbency data are not yet available. The possibility suggested by these data 
that the synthesis of DNA in a chromosome may be affected by coincident synthesis of RNA is 
being investigated. 


Russect, Liane Braucu and Jean W. Bancuam, Biology Division, Oak Ridge National Lab- 
oratory, Oak Ridge, Tenn.: Variegated-type position effects in the mouse.—Some interesting cases 
of mottling have occurred among the offspring of X-irradiated wild-type males mated, during 
their presterile period, to multiple recessive females. Testing of two of these mottleds indicates 
that they result from sex-linked translocations giving variegated-type position effects. Both mu- 
tants were semisterile females which, when mated to the appropriate recessive, produced more 
mottled progeny, all of which also were semisterile females.—One of the mutants was diffusely 
mottled with brown. The following explanations for offspring obtained by crossing mottled fe- 
males to nonrelated brown males are consistent with the results. Mottled females are hetero- 
zygous for brown and a reciprocal translocation between chromosome VIII and the X-chromo- 
some, the break in VIII being near the b locus, which carries the wild type allele. Males hetero- 
zygous for this translocation are black, rather than mottled; and completely sterile, rather than 
semisterile. Sterility is due to degeneration of spermatocytes in pachytene (OaKkserG). The 
segregants bearing the intact chromosomes are fertile brown males and females. Crossing over 
between the b locus and the breakpoint occurs with a frequency of about 15%. It results in semi- 
sterile brown females, sterile brown males, and fertile black animals of both sexes——The other 
mottled mutant apparently involves an analogous situation, with the break presumably near the 
c locus.—These cases indicate that variegated-type position effects occur in mammals and that 
the X chromosome may be particularly effective in producing them. 


Sr. Lawrence, Parricra,! Yale University, New Haven, Connecticut and Stanford University, 
Stanford, California: Gene conversion at the nic-2 locus of Neurospora crassa in crosses between 
strains with normal chromosomes and a strain carrying a translocation at the locus—In the 
niacin-requiring strain 45407, a segment of the chromosome of linkage group I is translocated to 
a subterminal position in the right arm of linkage group III. From crosses of 45407 to stocks 
with normal chromosome complements, the parental types and a new class of progeny which 
carries a duplication of the translocated segment are recovered. Inviable spores are also produced. 
Segregation of the rearranged chromosomes and their normal homologues yields offspring show- 
ing 2:1 or other aberrant ratios for mutants in linkage groups I and III. From crosses between 
1540 strains, however, 1:1 ratios of linked markers are obtained.—It has not been possible to 
separate the niacin requirement from the rearrangement and it appears likely that the nutritional 
deficiency is occasioned by a position effect. The failure to obtain reversions of 45407 to pro- 
totrophy with either U.V. or X-ray treatment supports this view.—Rare niacin-independent 
progeny are recovered from crosses of 4540T to non-rearranged alleles at the locus. Evidence that 
these exceptional offspring result from gene conversion is derived from analyses of the segrega- 
tion of linked markers. Since the 45407 stock has a rearrangement at the nic-2 locus there must 
be an interruption of pairing at or near this region in these crosses. It is therefore suggested that 
intimate pairing may not be a sine qua non for gene conversion. (Supported in part by a grant 
to D. M. Bonner from the American Cancer Society on recommendation of the Committee on 
Growth and in part by research grant E1462 to D. D. Perkins from the United States Public 
Health Service.) 


! Present address: Department of Genetics, University of California, Berkeley, California. 
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Sanpb, SEAwarRD A., Connecticut Agricultural Experiment Station, New Haven, Conn.: Effects 
on progeny segregation following chronic gamma irradiation of the mutable V and stable R 
loci in a clone of Nicotiana.—Clone $5230-5, selected from cultures of interspecific hybrid origin, 
was employed. This clone is heterozygous for the mutable V gene (v,,/v,) and for the stable R 
gene (R/r), which affect flower color. Growing plants were subjected to different levels of 
chronic gamma irradiation at Brookhaven National Laboratory. The somatic effect or a mutable 
gene system was compared with a stable gene system in the same tissue by counting speckled sec- 
tors (changes from v,, to v, phenotype) and purple sectors (changes from R to r phenotype) on ir- 
radiated plants. Similarly, germinal effects on the same gene systems were studied by counting 
speckled and purple individuals in progeny from the irradiated plants—The somatic response 
curve for the mutable gene is about ten times greater in slope than the purple sector response in 
the treatment range below 12 roentgens per day (Sanp, SmirH and Sparrow 1954). However, 
the germinal response curves are similar for the mutable and stable genes. Chronic gamma 
irradiation of this heterozygous clone increases the frequency of recessive individuals in progeny 
grown under nonirradiation conditions. The major increment is confined to the low dosage range. 
Above about ten roentgens per day these data show no further significant effect on progeny 
segregation beyond that already produced at this lower dosage rate-——The somatic and progeny 
results suggest (1) a mutational component of effect, and (2) a buffering system against muta- 
tion, sensitive to damage by low dosage rates of irradiation. The similar progeny segregation 
responses indicate equal potential mutability of v,, and R under conditions that remove secondary 
stabilizing influences. 


ScHEINBERG, S. L., and R. P. Reckei, Agricultural Research Service, U. S. Department of Agri- 
culture, Beltsville, Maryland: Induced somatic mutations affecting erythrocyte antigens.—Iso- 
tope dilution experiments with the bloods of the pigeon, C. livia, using Phaseolus lunatus extracts 
as the agglutinin, confirm the existence of the nonagglutinable cells observed in man but at a 
higher frequency, i.e., (.026-.1). The agglutinin specific for pigeon cells is believed to be anti-A,, 
since pigeon cells do not react with anti-A, (Dolichos biflorus) but do react with eluates from 
human A, cells following absorption of P. lunatus extracts with A, blood.—The frequency of 
nonagglutinable cells was obtained on the bloods of four pigeons prior to and following a total 
body X-ray exposure of 700-1000r. Three of the pigeons examined at about 40 days postirradi- 
ation showed increases in the frequency of nonagglutinable cells from 35-75% over the initial 
frequency. At about four months the bloods of three pigeons were re-examined and the increase 
over the preirradiation frequency ranged from 50-82%. The fourth pigeon was subject to treat- 
ments which differ from the others and data concerning that pigeon will be discussed.—Blood 
was obtained from a patient* with polycythemia vera treated with 2 mc of P32. Seven days fol- 
lowing treatment the frequency of A negative cells in this patient was .0021, after 48 days this 
had risen to .016 and was .018, 91 days later—It is concluded that irradiation has resulted in 
damage to the bone marrow stem cells and provides additional evidence for the mutational 
origin of the antigen lacking cells.—* The authors are indebted to Dr. Snyper and his patient for 
samples of blood. 


ScHNELLER, Myrtie V., T. M. Sonnesorn, and Jo ANNE Mue er, Indiana University, 
Bloomington, Ind.: The genetic control of kappa-like particles in Paramecium aurelia.—Kappa 
in killer P. aurelia of syngen 4 is known to depend principally upon the presence of gene K; 
homozygotes for & soon lose their kappa irreversibly. A killer stock (239) of syngen 4 has now 
been found which is homozygous for gene k’. This killer contains cytoplasmic particles which 
are two to four times as large as those in other killers of syngen 4, and which lack the refractile 
body, characteristic of killing particles in other stocks. The killing action of stock 239 is very 
different from that of other killers of syngen 4, but is identical with that of SCHNELLER’s (1958, 
Proc. Indiana Acad. Sci. 67: 302) stock 299 of syngen 8. The latter killer (stock 299) was crossed 
to killer stock 214 (syngen 8), which kills in a way markedly different from all the preceding 
killers, The breeding analysis shows that the genome which supports the cytoplasmic particles of 
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stock 299 will not support those of stock 214 and vice versa. Stock 214 contains one principal gene 
(1) which, when introduced into stock 299, results in loss of its kappa-like particles; preliminary 
results indicate that stock 299 has more than one gene which has this effect on the particles of 
stock 214. There is no earlier information available on the genetic control of the particles in ordi- 
nary killers of this syngen (8); but the » particles of mate-killers are known to require gene 
M. In sum, it appears that there is a complex set of relations between the genome of the para- 
mecia and the kinds of cytoplasmic particles: each kind of particle requires the presence of cer- 
tain genes in the paramecium nucleus, different kinds of particles requiring different genes. 
(Supported by grants to T. M. Sonnesorn from American Cancer Society, Atomic Energy 
Commission and Rockefeller Foundation. ) 


Scuurin, M. F., (Introduced by Cyrus LevintHa.), Massachusetts Institute of Technology, 
Cambridge, Mass.: Localized cytochemical and submicroscopic differentiations in Drosophila 
virilis salivary gland chromosomes.—Cytochemical determinations on D. virilis salivary gland 
nuclei have localized the four major chromosomal constitutents and suggested correlations with 
electron microscope observations have been proposed. The histone distribution (method of ALFERT 
and GescHwinp 1953) closely parallels that of the DNA, but the nonhistone protein (Derrcu 
1953) has a completely independent pattern. Quantitative comparisons of the DNA and histones 
have been done by recording densitometry on subsequent staining of the same nucleus. The 
DNA and chromosomal RNA have been visualized simultaneously, utilizing the metachromasia 
of Azure B (Fiax and Himes 1952). The RNA occurs discretely in specific bands and puffs. 
Analysis of a specific puff (end of chromosome II) indicates that puff formation is accompanied 
by a constancy of DNA and histone, but a marked increase in RNA and nonhistone protein. 
Similarly. the nucleolus contains no DNA or histone but only RNA and nonhistone protein. 
Under the electron microscope the chromosomes normally appear fibrous, but frequently lo- 
calized areas of large granules (diameters 900-3000 A) are seen, both in discrete bands and 
large masses within the chromosomes. These large granules are composed of agglomerations of 
small granules (100-200 A in diameter) intimately connected with the individual fibers. It 1s 
suggested that these granules are the morphological manifestation of the RNA bands and puffs 
and thus are the chromosomal counterpart of cytoplasmic ribosomes. The similarity in cyto- 
chemical composition and fine structure of the RNA bands, puffs, and the nucleolus, indicates 
that these are different degrees of the same genetic synthetic process involving the accumulation 
or production of RNA—nonhistone protein granules. 


Sears, E. R., U. S. Department of Agriculture and University of Missouri, Columbia, Mo.: 
Neatby’s virescent, a chlorophyll aberration in common wheat.—A mutable recessive gene that 
causes a virescent condition in Triticum aestivum was reported by Neatsy in 1933. Several vi- 
rescent (vv) plants showed a green sector, and among the offspring of vv were one green and one 
albino plant.—Aneuploid analysis shows that v is an active allele that has little or no effect in 
one dose, causes virescence in two doses, and results in albinism in three doses. Growth is re- 
tarded, also, especially at the three-dose level. The apparent mutability of the gene is evidently 
the result of mere nondisjunction of chromosome III, which carries v.—When the related (ho- 
moeologous) chromosome XVI is made monosomic, vv is lethal to the embryo; and when XVI 
is tetrasomic (two extra doses), vv plants are green. The other homoeologue, XII, has an effect 
when monosomic similar to mono-III, except that some mono-XII vv individuals are weakly 
viable to maturity. There are thus genes on chromosomes XII and XVI which compete with 
v. V, the normal allele of v, apparently is similar in this respect to the genes on XII and XVI, 
for mono-XVI v-, but not Vv, is an embryonic lethal. The possibility is being tested that chromo- 
some XII and XVI carry genes V, and V,,, respectively, which are essentially duplicates of V, 
on chromosome III. The three genes have the same function but differ somewhat in strength. 


They are involved in chlorophyll formation. 
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Suu tt, E. E., C. C. LinpecreN and SHaron Dessoroucn, Southern Illinois University, Car- 
bondale, Ill.: The application, to tetrad-analysis-data from Saccharomyces, of principles for es- 
tablishing the order of genetic factors —Empirical criteria utilized in ordering genetic loci define, 
rather than prove, linear order. The degree of certainty of linear order has its source in the 
mutual confirmation of a series of independent applications of the criteria. That the single appli- 
cation of an ordering principle to one set of 3-point data does not comprise a demonstration of 
linear order is proved by either of the following: (1) inconsistencies in gene order when the 
principle is applied to a linkage group containing four or more loci, and (2) the existence of 
nonlinear gene arrangements.—Three ordering criteria are defined and applied to five genes of 
chromosome I in Saccharomyces. On the basis of ten sets of 3-point tetrad data, the linear order 
UR-CH-HI-IS-AN is defined by all three ordering principles. Of the 30 independent tests: three 
tests define the order of the five loci; 21 tests confirm this order; two tests contradict it; and 
four tests are inconclusive. It is shown that the exceptions imply that interregional chromatid 
interference is stronger than that which operates intraregionally. This is supported by a direct 
analysis of double recombinations, which exhibit significant chromatid interference between 
compound regions, but subsignificant interference between adjacent simple regions.—The gene, 
TH, is shown to be a member of linkage group I, but departs significantly from a linear arrange- 
ment. (The TH-arm branches from chromosome I near the centromere, between UR and CH, 
and the “branch” is inferred to result from preferential segregation of centromeres to produce 
“quasi-” or “pseudo-linkage.” ) 


SreceL, A., Botany Department, University of California, Los Angeles 24, Calif.: The induc- 
tion of mutations of tobacco mosaic virus with nitrous acid—Recently GrerER and Munopry 
(1958) have demonstrated that nitrous acid treatment of tobacco mosaic virus or of its free 
nucleic acid will induce the appearance of mutations. Their results have been confirmed both 
quantitatively and qualitatively in the present study. In addition the following observations have 
been made: (a) Local necrotic lesion size on Nicotiana glutinosa is a character of the virus that 
is highly mutable. For every three events that lead to the inactivation of a virus particle, ap- 
proximately one event occurs which leads to a small lesion producing particle. This class of mu- 
tation appears to be unidirectional. No isolates which produce lesions larger than the control have 
been observed. (b) Other types of observed mutations are an alteration of symptom in tobacco 
plants and a change from systemic invasion to necrotic lesion production in N. sylvestris. The 
total frequency of observed mutations suggests at least one mutating event for every two killing 
events. (c) No mutants have been observed with altered protein, as judged by serological spe- 
cificity and isoelectric point, even after treatment which yields 94% frequency of “biological” 
mutants. (d) Strains of the virus differ in their susceptibility to mutation with nitrous acid 
treatment. Strains U1 and U4, which have the same sensitivity to inactivation with nitrous acid, 
differ markedly in the frequency with which mutants can be detected among the survivors of 
equivalent treatment. 


SreceL, R. W., and L. Larison, University of California, Los Angeles, Calif.: Mating type 
inheritance and determination in Paramecium bursaria.—The present reanalysis of mating type 
inheritance and determination in P. bursaria was evoked by the alternative hypotheses of JEN- 
NINGS and SONNEBORN.—Data from an extensive breeding analysis carried out by JENNINGS 
some 15 to 20 years ago led him to suggest that the various mating types present among an 
interfertile group of clones (—‘‘syngen” or “‘variety”) are controlled directly by genotypic dif- 
ferences. However, neither JENNINGs nor others were able to devise workable genetic formulae 
to account for his results. More recently, SoNNEBORN has advanced the idea that mating type is 
directly determined by the relative concentrations of several “cytoplasmic differentiators,” the 
expressed mating type corresponding to that differentiator initially present in the highest con- 
centration; the hierarchy of cytoplasmic differentiators is presumed to be controlled by unspeci- 
fied genotypic and environmental factors——Four highly interfertile strains, representing the 








536 ABSTRACTS 


four mating types of syngen 1, were recently isolated from Malibu Lake, California. Crosses 
among these strains reveal the following: First, conjugants do not regularly exchange massive 
amounts of cytoplasm as required by SoNNEBORN (but not JENNINGS) to account for the observed 
identity among the progeny from a given pair. Second, there is no marked influence of tempera- 
ture on mating type determination. Finally, the results of all crosses analyzed to date lead us to 
postulate the direct control of mating types by two loci; clones with dominant alleles at both 
loci (A—B-—) are type A; homozygous recessives (aabb) are type C; types B and D are respec- 
tively aaB— and A-bb. This hypothesis (actually considered by JENNINGs in 1942) satisfactorily 
accounts for the results of JENNINGs’ interstock crosses; however, the determination of mating 
type for certain other clones in which instability during vegetative reproduction (‘‘self-differ- 
entiation”) was found, remains enigmatic. (Supported by a grant from the National Science 
Foundation and by Cancer Research Funds of the University of California.) 


SiskEN, Jesse E., City of Hope Medical Center, Duarte, California: DNA synthesis and the 
mitotic cycle as studied by the combination of autoradiography and microcinematography.— 
A technique has been developed which combines time-lapse microcinematography with auto- 
radiography of the same cells grown in vitro. Cells grown on the glass coverslips of Rose 
chambers were photographed for periods up to 36 hours to record their mitotic history. Ten 
minutes prior to the end of photography, the medium was exchanged for one containing 
tritiated thymidine. Immediately following photography the cells were fixed in situ by exchang- 
ing Carnoy’s fixative for the medium. The coverslip bearing the cells was taken through the 
Feulgen staining procedure and the autoradiograph prepared. Individual cells could be found 
both in the autoradiograph and in the motion picture, so that the timing of incorporation into 
DNA in relation to the mitotic cycle could be determined. Time between the beginning of 
anaphase and the beginning of incorporation into DNA varied somewhat in different sub- 
cultures of NAKANIsHrI’s kitten lung cells. There was little variation within a single subculture, 
however. In order to give more meaning to these experiments, long term motion pictures 
(60-77 hours) have been analyzed to determine directly the length of the cell cycle by follow- 
ing individual cells from one division to the next. Data will be presented showing variation in 
the time of the cell cycle which is dependent upon culture conditions. In addition, observations 
on the range of variation between two daughter cells of the same division will be discussed. 


Statis, H. M., Argonne National Laboratory, Lemont, Ill.: Anomalous development of the 
tracheae in Drosophila melanogaster larvae.—A respiratory mutant of Drosophila larvae in 
which portions of the main tracheal trunk are absent has been given the name tracheae broken 
(tb). It appears to be a spontaneous mutant of poor penetrance. In a large proportion of the 
cases, the absence is of the first abdominal segment on one side, beginning just posterior to the 
anterior crossbranch. The main tracheal trunk may be affected in any other segment, including 
the absence of a spiracle. Loss of the tracheae in two places may occur unilaterally or bilaterally, 
apparently with random frequency. In the absence of a portion of the main tracheal trunk 
there is a change in the secondary tracheal system which increases the amount of anastomosing 
between the segments surrounding the affected region. The resulting tracheae appear to 
comprise an efficient respiratory system and the viability of tb larva originally observed in first 
instar does not seem to be impaired. The condition is temperature sensitive, varying from 5% 
of larvae developing at 25° to 15% of those developing at 16°. (Work performed under auspices 
of U. S. Atomic Energy Commission. ) 





So_serG, Bsorn, and Ettswortu C. DouGHerty, Kaiser Foundation Research Institute, 
Richmond, Calif.: Male-producing (normal) lines and a maleless (aberrant) line in the rotifer 
Brachionus variabilis.—Since late 1957, a strain of B. variabilis, isolated from a sewage oxida- 





tion pond, has been cultured continuously in our laboratory (DouGHErTy and So.perc, Anat. 
Record, abstract in press). In April, 1958, a dixenic culture (rotifers + Chlorella pyrenoidosa 
+ Gm-negative, coliform bacteria of an unidentified species, all in Seitz-filtered pond water) 
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was established. Thereafter for successive generations we selected and individually isolated, 
each generation, progeny of the earliest born rotifer to give amictic (parthenogenetically develop- 
ing, 9-producing) eggs. In the main (M) line all progeny of such first born rotifers were not 
uniformly saved. Sublines (A and B) were initiated with two females hatched from sibling 
dormant eggs laid by a sixth generation mictic M @ mated with one (? or more) of her 
nephews. The A line resembled the parent M line in yielding both amictic and mictic eggs; 
of 280 A rotifers selected in 18 unbroken generations, 259 survived to produce eggs—44% 
amictic, 56% mictic. The B line, however, produced no mictic eggs in 24 generations (161 
rotifers), interrupted once for one generation; nor have such eggs been seen to date in any mass 
B culture. The A line averagely yielded 15.6 offspring/generation; the B line only 6.7 (43% of 
A level). Since the reduction in B fertility corresponds to the percentage of mictic females in 
the A line, perhaps the B malelessness is linked to a genetic condition harmless to cells of the 
germ line fated to become amictic eggs. but lethal to those fated, in normal lines, to become 
mictic eggs. Cytological studies are needed to check this. (Supported, in part, by Grant G-6018 
of the National Science Foundation.) 


Spizss, Error B., Department of Biological Sciences, University of Pittsburgh, Pittsburgh 13, 
Pa.: Lack of heterosis in experimental populations of Drosophila persimilis from Timberline 
in the Sierra Nevada.—Descendants of flies from a 10,000 ft. elevation locality collected in 1954 
by DoszHaNsky were introduced into eight population cages at 16° C. Each cage was initiated 
with two of the three commonest gene arrangements (Whitney, Klamath, and Mendocino. 
which occurred respectively at about 90%. 4%, and 5% at Timberline). Three populations 
containing WT vs. KL show constant drop in frequency of KL to near elimination after ten 
generations. WT/WT must therefore be superior to WT/KL. Three populations of WT vs. 
MD show no changes for the initial six generations. Thereafter MD changes frequency but in 
different ways in the two long term populations. Apparently all zygotes of WT and MD are 
adaptively equal but differences develop after the sixth generation. Two populations containing 
KL vs. MD show no easily interpreted changes: there is no consistent equilibrium attained after 
ten generations. These results contrast with population results with flies from White Wolf (Evolu- 
tion 11: 84-93) in which heterokaryotype superiority and adaptive value dependency upon fre- 
quency was displayed. Heterokaryotype superiority (WT/KL or WT/MD) at 16° C has never 
been lacking in populations of D. persimilis from lower elevations studied formerly. Evidently 
adaptive complexes in Timberline flies are so different that laboratory conditions do not evoke 
a response of balanced adaptive changes expected on the basis of experiments with lower eleva- 
tion flies. (Work supported under Contract AT (30-1-1775, U. S. Atomic Energy Commission.) 


Sporrorp, JANicE B., University of Chicago, Chicago, Ill.: Residual effects of parental X 
chromosomes on white-variegation in offspring.—Extra Y heterochromatin in Drosophila melano- 
gaster has long been known to restore partially the normal expression of a euchromatic locus 
subject to position-effect variegation when in the vicinity of broken heterochromatin. Some 
portions of the Y heterochromatin in mother’s genome but not in offspring’s genome have been 
shown to increase normal expression of the w* locus in the offspring as well, presumably 
through effects on the odplasm, at least for an insertion carrying w* into the proximal hetero- 
chromatin of 3L (Dp(w™) 264.58a).—With X-Y (attached-XY) fathers and X-X (attached-X) 
mothers, offspring receiving the Dp from the father are much more heavily pigmented and/or 
are much more likely to have any eye pigment than those receiving a maternal Dp. The same 
holds for offspring of X/Y and X-X mothers. However, there is no effect of parental Dp-source 
on daughters of X/Y fathers and X/X mothers; the likelihood of sons having pigment is some- 
what greater if the Dp was maternal. Furthermore. no X:X/O; Dp/+ female has been found 
to display a trace of eye pigment, while X/X; Dp/+ females often do; there is 100% penetrance 
in the latter when their mothers were homozygous for Dp. Consequently, the y w attached-X 
chromosome appears to be responsible for some inhibition of the action of the w* gene in the 
rearrangement, an inhibition which persists in the egg after removal of the chromosome itself 
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by the maturation division. (This research was supported by Contract AT(11-1)-431 with the 
Atomic Energy Commission. ) 


SrapLer, D. R., University of Washington, Seattle, Wash.: The relationship of gene con- 
version to crossing over in Neurospora.—The production of infrequent wild type progeny in 
crosses between two allelic or closely linked mutants of similar phenotype has been termed gene 
conversion. Two general types of hypothesis have been advanced regarding the relationship of 
this process to crossing over: (1) the two are separate events; (2) they are both results of the 
same recombination event. The single event hypothesis proposes that gene conversion reveals 
what happens at the site of the event which may result in crossing over with regard to markers on 
both sides. According to the single event hypothesis, one might predict that a recombination 
event detected by either gene conversion or crossing over should have the effects associated with 
recombination events of any kind. One effect of crossing over is interference with crossing over in 
neighboring regions. An experiment has been performed to study the relationship of gene conver- 
sion to crossing over in a separate but nearby chromosome region. The single event hypothesis 
might predict interference in all the converts, even those with no recombination for the markers 
embracing the conversion locus. The separate events hypothesis would predict no interference 
in this group.—Cysteine-independent converts were selected from the cross lys+ cys-t ylo+ ad 
x lys cys-c ylo ad+. Crossing over frequencies were: lys 4.1 cys 19.2 ylo 10.7 ad. Of 84 converts 
with nonparental combinations of adjacent markers (lys+ cys+ ylo and lys cys+ ylo+), one 
had ylo-ad recombination. Of 96 converts with parental combinations of adjacent markers 
(lys+ cys+ ylo+ and lys cys+ ylo), 16 had recombination in the ylo-ad interval. The results 
suggest that gene conversion and crossing over are separate events. 


STADLER, JANICE, Iowa State College, Ames, Iowa: Cataract in mice as affected by radiant 
energy.—For some years a cataract stock of mice, blind at birth, has been maintained in our 
laboratory. Descriptions of this condition have been given by F. L. P. Kocu and Joun W. Gowen 
1939. Crosses have been made reciprocally between this stock and our inbred BALB/Gw stock. 
The resulting reciprocal F, hybrids have been exposed to X-rays from 98 pkv 25 ma source along 
with mice of the inbred line at 46 days of age. All the F, animals have normal vision but may be 
regarded as carrying a genetic predisposition to cataract. The inbred line to an age of 250 days 
was not known to be prone to cataracts. Mice of the three genotypes were exposed to X-ray dos- 
ages of 0, 160, 320 and 480r, in equal numbers. The results show like predisposition to cataracts 
for the reciprocal F, animals over their lifetimes. The inbred strain on the other hand, develop 
nearly twice as many cataracts as did the F,’s. There is no evidence for a known hereditary pre- 
disposition to cataracts influencing the phenotypic appearance of this condition when such ani- 
mals are irradiated. Increases in the radiation dosages increased the frequency of cataracts in 
nearly the ratio of the second power of the dose. Cataract appearance was age dependent. No 
cataracts appeared before the animals were 300 days of age. There is a dose-age interaction, such 
that at higher dosage, cataracts appear earlier. The sexes were equal in cataract frequency. (This 
work has received assistance from Contract Number AT(11-1) 107 from the Atomic Energy 
Commission. ) 


SraLKer, H. D., Washington University, St. Louis, Mo.: Nonrandom associations of inversions 
in chromosomes of wild Drosophila paramelanica.—D. paramelanica is structurally polymorphic 
in the X and Chromosome 2. In the X the commonest chromosome types are +-+-:-+-++ (Stand- 
ard) and chromosomes carrying the short X-left inversions A and B associated with the X-right 
inversions C and B, thus: AB-CB, (the two B inversions are not homologous). Such AB-CB 
chromosomes carry a “sex-ratio gene” of the type known in the D. obscura group. In hetero- 
zygous -+--+--+-+-/AB-CB 9 9 which are also structurally heterozygous for Chromosome 2, cross- 
ing over between any pair of adjacent inversions occurs with a frequency of roughly 0.1%. 
Thus, the various X inversions might be expected to show random association, with the frequency 


of each association predictable from the inversion frequencies in the given population. Samples 
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from ten localities in Mo., Ia, Minn., Mich., N. Y and Vt. showed that the frequency of the 
-+-+--:+-++ and AB-CB chromosomes was above expectation (322 obs., 151 exp.) while all other 
combinations were present in frequencies below expectation (20 obs., 191 exp.). The consistent 
pattern of disagreement with expectation in all populations and the widespread occurrence of 
the various X chromosome types indicates that neither drift nor the retention of ancestral associ- 
ations can explain the results. The conclusion favoring the selective elimination of all associ- 
ations other than +-+---++--++ and AB-CB is reinforced by the finding that associations which re- 
quire two or more (presumably sequential) crossovers for their production are more strikingly 
deficient in populations than those which might be produced by a single crossover between 
+-+-+-+- and AB-CB chromosomes. (Studies aided by a grant from the National Science Foun- 
dation. ) 


STEFFENSEN, Dae, Leo E. LaCHANcE and Nancy A. Stacey, Brookhaven National Labora- 
tory,! Upton, N.Y.: Retention of calcium** in Habrobracon sperm.—Recently calcium has been 
assigned a role in the structure of chromosomes (GENETICS 42: 239, 1957). Most of the evi- 
dence has come from cytological studies with plants grown on suboptimal calcium cultures or 
from work with chelating agents. The present study was proposed to examine the incorporation 
of calcium into nuclei of sperm using autoradiography. The parasitic wasp, Habrobracon jug- 
landis (Ashmead), was chosen as favorable material because of the known localization of sperm 
nuclei in fertilized eggs. An additional advantage is that fusion of male and female nuclei occurs 
and embryonic development proceeds about an hour after eggs are laid—Prestung Ephestia 
caterpillars were injected orally with solutions of Ca*® ranging from 0.40 mc/ml to 0.097 mc/ml. 
These injected hosts were then placed in Stender dishes with virgin wasps. The larvae that 
hatched fed on labeled body fluid of the host. The high concentrations were lethal to the de- 
veloping larvae. Eclosing males from lower concentrations were counted in a gas-flow counter 
and registered from 1000 to 7000 counts per minute per male. Radioactive males were then mated 
to virgin unlabeled females. The eggs by these females were collected at timed intervals, placed 
on slides, fixed in 70 percent neutral alcohol and prepared for autoradiography. After 2 to 4 
months of exposure the resulting autoradiographs revealed that sperm nuclei retained the Ca*® 
in nonradioactive cytoplasm, both before and approaching syngamy. The fate of the isotope 
during the cleavage divisions and DNA synthesis is still not known but is under study.—The 
sperm were birefringent as observed in polarized light indicating a parallel orientation of chromo- 
somes similar to sperm of other invertebrates and vertebrates. These studies and unpublished 
experiments with Lilium pollen tubes would indicate that calcium is bound in the chromo- 
somes’ structure. 


Srernitz-Sears, Lorr1 M., University of Missouri, Columbia, Mo.: Derivatives of a dicentric 
chromosome in wheat.—From a spontaneous dicentric chromosome, which was present from root 
tip to meiosis, where it participated in the formation of a translocation trivalent, the following 
types of derivatives were obtained in the next generation: (1) A functionally monocentric 
chromosome in which the intercentromeric segment had presumably become so short as to be 
virtually absent. One plant had a pair of these and was thus nullisomic for arms of two dif- 
ferent chromosomes of the standard line. (2) Two monocentric chromosomes, both usually recog- 
nizably deficient for part of one arm. These originate through breakage and healing of the di- 
centric. (3) A tricentric chromosome, found only in a small group of microsporocytes from a 
plant possessing the dicentric. This tricentric paired with two normal chromosomes, and with 
alternate orientation of the centromeres assumed a characteristic W shape. (Work supported by 
the National Science Foundation. ) 


Stone, W. H., S. ABRAHAMSON and JANis Beckstrom, University of Wisconsin, Madison, Wis.: 
Immunogenetic studies of the J substance of cattle saliva—The J substance of cattle saliva can 


1 Under the auspices of the U. S. Atomic Energy Commission. 
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be detected by its ability to inhibit the reaction between antibodies for J and known J-positive 
erythrocytes. Inhibition tests of the serum and saliva of 162 adult cattle showed a complete 
concordance between the presence and absence of the soluble J substance; i.e., all of the 85 
animals with J in their sera also had it in their salivas and the 77 animals lacking J in their sera 
also lacked it in their salivas. Further, the data indicated that the degree of J activity in the serum 
and in the saliva was correlated.—Of 31 matings between positive parents, there were 22 positive 
and 9 negative offspring. From 81 matings between positive and negative parents a distribu- 
tion of 45 positive and 36 negative offspring was obtained. There were no positive offspring from 
28 matings of negative parents. These preliminary data suggest that the presence or absence of 
the J substance of the saliva is controlled by a Mendelian dominant gene. As a consequence, an 
individual should not possess J substance in its saliva unless one or both parents possess it. Further 
studies on the quantitative aspects of this system are in progress. 


Srrauss, B., and S. Okuso, Osaka University, Osaka, Japan: The effect of metabolic processes 
on mutation induced by alkylating agents——The reversion to the prototrophic condition of a 
tryptophan requiring strain of Escherichia coli B/r has been studied after treatment with either 
ultraviolet (UV) light or with one of the alkylating agents diethyl sulfate or epichlorohydrin. 
The number of revertants obtained after treatment with the chemical mutagens is greatly in- 
creased by incubation for one hour at 37° in a medium supplemented with broth and tryptophan 
as is the case with UV induced mutagenesis. The quantitative effect of plating on medium 
supplemented with different amounts of broth differs depending on the mutagen. Incubation of 
UV treated cells in medium containing the analog tryptazan results in a large decrease in the 
yield of reversions when the cultures are subsequently plated on broth supplemented plates. Incu- 
bation of ethyl sulfate or epichlorohydrin treated cells in tryptazan containing medium results 
in a comparative decrease in the number of revertants obtained when plating is done on a min- 
imal medium but this inhibitor causes no decrease in the number of revertants when plating is 
done on broth supplemented plates following the incubation.—We therefore conclude that the 
“premutated state” induced by the alkylating agents does not require immediate protein syn- 
thesis for fixation into the genome. The protein synthesis requirement for the fixation of muta- 
tions following UV first demonstrated by Wirkin and by Doupney and Haas may be an effect 
specific to the type of mutagen used rather than to the general process of mutation. 


SuroKa, Nosoru (Introduced by R. P. Levine), Harvard University, Cambridge, Mass.: Repli- 
cation of deoryribonucleic acid in Chlamydomonas.—Analysis of DNA replication in mitosis and 
meiosis of the unicellular green alga, Chlamydomonas reinhardi, is the main purpose of this in- 
vestigation. The techniques used are the density gradient centrifugation and incorporation of a 
heavy isotope of nitrogen (N15). At this writing the mitotic replication of DNA has been 
analyzed. The vegetative cells were grown in N!5 medium and transferred to N!4 medium. 
Samples of cells were drawn at various times after the transfer, lysed, and centrifuged. The re 
sults show that the three kinds of DNA molecules, fully labeled, half labeled, and nonlabeled, 
are clearly separated as narrow bands. The sequence of the appearance of these three is appar 
ently from the fully labeled to the nonlabeled through the intermediate form, the half labeled. 
This indicates that in Chlamydomonas, a eucaryote, the mode of mitotic replication of DNA is 
identical with that of E. coli as analyzed by Mesetson and Strant, and is best interpreted by the 
bipartite structure of DNA by Warson and Crick. The breakage and reunion between old and 
new subunits is infrequent, if at all. The conclusion is in complete accordance with the auto- 
radiographic analysis of mitotic duplication of plant chromosomes by Taytor. The meiotic repli- 
cation of DNA in Chlamydomonas is being analyzed. (This work is supported by grants to 
R. P. Levine and J. D. Watson from the National Science Foundation and the United States 
Public Health Service. ) 


Szysausk1, W., and B. Dsorpsevic, Institute of Microbiology, Rutgers, the State University, 
New Brunswick, N.J.: Radiation sensitivity of chemically modified human cells.—Earlier studies 
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(Federation Proc. 18: 336, 1959) concerning the effect of ultraviolet (UV) irradiation on the 
mutation rate from 8-azaguanine(AG)-sensitivity to resistance in cloned cell cultures derived 
from human bone marrow (D-98) indicated that sensitivity to the lethal effect of UV depends 
on several factors. The survival of irradiated cells was measured as the proportion of colony- 
forming cells. The AG-resistant mutants pre-existing in the AG-sensitive population (never ex- 
posed to AG prior to UV irradiation) exhibit a “‘single-hit’ UV-survival curve, and thus differ 
from the established AG-resistant lines (exposed to AG) and from the wild type cells, both of 
which are characterized by “multihit” survival. Furthermore, cells grown for 2 to 4 days in the 
presence of inhibitory concentrations of AG or 5-fluorodeoxyuridine. prior to UV irradiation, 
become more radiation-sensitive.—Since it is known that 5-bromodeoxyuridine (BUDR) can 
replace thymidine in DNA, its radio-sensitizing effect on D-98 cells was evaluated. It was found 
that cells grown for 2 to 4 generations in the presence of 2-50 ug/ml of BUDR retain their 
viability, as measured by colony-forming capacity. In such cells, however, the resulting partial 
substitution of thymidine by BUDR dramatically increases the sensitivity to UV, and also to 
X-rays. The survival curves acquire a “single-hit” character and their slopes become steeper by a 
factor as high as eight. BUDR-effected radiation sensitization was also observed for phage ¢X-174 
(presumably containing one molecule of single-stranded DNA). bacteria. and mice, but phage 
T2 did not exhibit this type of response. (Supported by Grant No. CY-3492 from the U.S. Public 
Health Service). 


Takats, STEPHEN T. (Introduced by James L. Brewsaker), Biology Department, Brook- 
haven National Laboratory, Upton, N. Y.: Cytoplasmic incorporation of thymidine during 
meiosis and premeiosis in Lilium longiflorum.—Tritiated thymidine has been used to label the 
chromosomes in sporogenous cells both during the DNA synthesis before meiotic prophase and 
during earlier premeiotic syntheses when the cells are dividing mitotically. It has also been in- 
corporated into anthers at leptotene and zygotene of meiosis. At all these stages autoradiographs 
show label in the cytoplasm. If tritiated thymidine is incorporated during the meiotic synthesis, 
cytoplasmic label persists at least until diakinesis—Tentatively, this label has been determined 
to be in DNA, and to a small extent in protein. It is not removed with 10% perchloric acid at 
20°C for 4 hours, nor with NHC!i at 60°C for 10 minutes in the Feulgen procedure. It is largely 
but not completely removed by hot 5% trichloroacetic acid—A correlation appears between the 
extent of cytoplasmic labelling and the occurrence of nuclear labelling in the tissue. When no 
nuclei synthesize nuclear DNA, as during leptotene and zygotene, the cytoplasmic label is at a 
minimum. It is also very low immediately preceding the meiotic synthesis, when the sporogenous 
cells stop dividing mitotically. Earlier than this, all cells show considerable cytoplasmic label, 
although the mitotic index and corresponding percentage of labelled nuclei is ca. 3%. These 
results are considered in relation to biochemical observations on mammalian liver which show 
that the phosphorylation and incorporation of thymidine into DNA proceeds much more rapidly 
with a cytoplasmic enzyme fraction isolated from regenerating liver than from normal liver. 
(Work supported by a Postdoctoral Fellowship from the National Cancer Institute. U. S. Public 
Health Service, and carried out at Brookhaven National Laboratory under the auspices of the 
U. S. Atomic Energy Commission. ) 


Taus, StepHaNn R., Department of Zoology, Indiana University, Bloomington, Ind.: The 
genetics of mating type determination in syngen 7, Paramecium aurelia.—The group B system 
of mating type determination in Paramecium aurelia is characterized by what appears to be 
cytoplasmic inheritance of mating type. However, SonNEBORN (1954, Caryologia, suppl. 1:307) 
showed (1) that the macronucleus controls mating type, (2) that macronuclear mating type 
differentiation is directed by cytoplasm transmitted from the previous sexual generation, and (3) 
that the cytoplasm is determined as to its effect on macronuclear differentiation by the macronu- 
cleus of one sexual generation in such a way as to maintain the same mating type in the next 
sexual generation.—Taus (1958, J. Protozool. 5, suppl. :18) reported (1) that syngen 7 belongs 
to group B, (2) that certain stocks of syngen 7 contain a recessive gene, mt*!/!, which restricts 
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homozygotes to mating type XIII, and (3) that, unexpectedly, these homozygotes have a type 
XIV-determining cytoplasm, since, when the dominant allele, mt*!//; */Y, which permits 
the expression of either mating type XIII or XIV, is introduced, the resulting heterozygote 
becomes mating type XIV.—Crossing this heterozygote to a XIII of genotype mt*!//. X!V/ 
mtX!1, XIV makes it possible to obtain the genotype mt*!///mt*!/|. X!V in an animal of mating 
type XIII. Such mating type XIII heterozygotes prove to have a type XIV-determining cyto- 
plasm as appears from the next sexual generation. Thus, while mt*/!! is recessive with regard 
to its effect on mating type potentialities, it is dominant with respect to its effect on the mating 
type-determining state of the cytoplasm.—(Supported by a predoctoral fellowship from the Na- 
tional Cancer Institute, and partially by a grant to T. M. SonNexsorn, Indiana University, from 
the Atomic Energy Commission.) 


Tesapa, C., M. Sancuez, M. A. Guzman, N. S. ScrimsHaw and E. Brecnt, Instituto de 
Nutricion de Centro América y Panama and Instituto Indigenista de Guatemala, Guatemala, 
C. A.: Blood groups in Mayan population—The large Mayan Indian population of Guatemala 
is classified by the 21 native languages still in use which comprise seven major groups. Within 
each major language group, ten persons from each of four communities were studied. Among 
the 120 persons examined to date, the following phenotype frequencies were encountered: 
MMS .333, MNS .225, MNs .200. MMs .166, NNS .041, NNs. 033; P+ .708, P— .291; Kell 

K+-) 0.000, K— 1.000; Kidd (80 cases) + (JK#+-) .700: Jk*— .300; Duffy + (Fy*®+-) .816, 
Fy@ .183; Diego + (Di®+) .300. Di 0.700. For the 40 in whom the A-B-O and Rh 
systems were determined, frequencies were as follows: A, B and AB .000, 0 1.000; CDe/CDe 
425, CDE/cde .200, cDE/é€DE .175, CDE/CDE .100, CDe/cde .050, CDE/CDe .025, cDe/cDE 
.025. The phenotypes found with the greatest frequency were 0, MMS, CDe/CDe. The prevalence 
of the Di*+ is one of the highest reported. 


Tine, Y. C., Harvard University, Cambridge. Mass.: Meiosis in triploid maize-teosinte 
hybrids.—In a population of 22 plants ef the backcross hybrid (Huixta teosinte x Wilbur’s 
flint) x Wilbur’s flint. two plants proved to be triploids. The high frequency of triploids is 
attributed to the nuclear disturbance following hybridization between maize and teosinte. The 
production of an egg nucleus with unreduced chromosome number is the probable mechanism 
by which the triploid plants were produced.—Pachytene chromosome associations in these 
triploid plants appeared to be 2-by-2 instead of 3-by-3. At diakinesis, univalents averaging 1.5 
per sporocyte, bivalents averaging 1.2 per sporocyte, and trivalents averaging 8.6, were present. 
Univalents at metaphase 1, and laggards (as many as eight in a single sporocyte) at anaphase 
1, were observed. Precocious division of lagging dyads was frequently found. Fusion of two 
nucleoli, if by chance present, at prophase 2 always occurred, but fusion of nucleolar organizers 
was never observed. At metaphase 2 and anaphase 2. lagging chromosomes from one to four 
were sometimes present. However. micronuclei were only occasionally formed at quartet stage. 


Trascter, Dapune G., McGill University, Montreal, Canada: The influence of uterine posi- 
tion and other factors on the occurrence of spontaneous cleft lip in mice.—It has been found that 
within the A/Jax strain embryos in the uterine position nearest.the ovary develop spontaneous 
cleft lip significantly more often than those in other positions in the uterus. Maternal weight 
has also been found to influence the frequency of cleft lip. Mothers weighing over 21 gm have 
significantly lower numbers of cleft lip offspring than those weighing under 21 gm. The data 
supporting these conclusions will be presented and discussed, and other data relating to uterine 
position effects and maternal weight influence on the embryo will be presented. 


Turner, J. Howarp, and Etpon J. Garner, Utah State University, Logan, Utah: Effects of 
copper and iron salts, on viability and abnormal growths in Drosophila melanogaster —Copper 


and iron salts were added to the medium of six laboratory stocks. First instar larvae were 
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collected from laying dishes and transferred to test and control media. Differential viability 
and phenotypic expression at different concentrations were evaluated. The results showed that 
increases in the level of copper and iron were accompanied by: (1) a linear increase in mortality 
response in both larval and pupal stages; this response exhibited a strong quadratic trend 
within the range of the chosen treatment levels; (2) increased duration of larval development; 
(3) striking differences in mortality among the tested stocks. Tumorous head and melanotic 
tumor stocks, when compared with wild stocks, displayed significantly higher mortality 
responses. Flies of one stock (tu!*®) had no visible eye abnormality but, following treatment 
with copper sulfate, about 17% expressed a trait similar to the mutant eyeless. Flies showing the 
new trait were inbred and maintained on a medium with no added copper. Some 94% of the 
second generation progeny expressed the trait. Through inbreeding and selection in the next 
four generations a stock was developed in which nearly 100% expressed the trait. The new 
stock has now been maintained for 30 generations on the standard medium with no loss in 
expression. The experiment was repeated and similar results were obtained. Copper sulfate was 
then injected directly into the bodies of tu'®® flies. Some of the progeny of the injected parents 
showed the same phenotype as the flies resulting from the copper feeding experiments. Again the 
trait was maintained through inbreeding and selection and a line with nearly 100% expression 
was developed on the standard medium. (Supported by the American Cancer Society and 
Damon Runyon Memorial Fund.) 


Tuveson, R. W., and E. D. Garser, University of Chicago, Chicago, Ill.: The virulence of 
biochemical mutants of Fusarium oxysporum f. pisii—Nine varieties of garden pea (Pisum 
sativum) were inoculated with biochemical mutants of F. oxysporum f. pisi, the fungal incitant 
of pea wilt, requiring specific amino acids, purines, vitamins, or growth factors. The mutants 
displayed a pattern of virulence and avirulence. No mutant was virulent for all varieties; 
some mutants were avirulent for all varieties. These and other observations suggest that the 
biochemical constitution of plants of these varieties differ, at least on a quantitative basis. 
(Aided by the Office of Naval Research and the Abbott Memorial Fund, University of Chicago.) 


Weaver, ELLEN C., University of California, Berkeley, California: Quantitative inheritance of 
frequency of somatic crossing over in Drosophila melanogaster—Two unrelated stocks of D. 
melanogaster were selected without any prior knowledge of their tendencies towards mosaicism. 
Somatic crossing over was measured in the X chromosome using the classic y and sn* system. 
It was found that the two stocks differed sharply and significantly in their incidence of mosiacism, 
one stock having an average of 0.7 spots per fly, the other 1.7 spots per fly. There was no dif- 
ference between the two in mean spot size or in distribution of mutant patches.—Classes of flies 
resulting from F,, segregations of crosses between the two stocks revealed that factors governing 
the frequency of X chromosome mitotic recombination occurred on all three major chromosomes, 
that is, the second, third and X itself. The recombination classes having the same genetic content 
as the parents duplicated the parental frequencies of spotting—Constants for the contribution 
of each chromosome to the total mosaicism were determined. The expected values derived from 
these constants for each segregating class agreed very well with the experimental ones.—It is 
concluded that somatic crossing over is a process under the precise control of genetic factors 
governing the frequency of its occurrence. 


Wesser, B. B., Yale University, New Haven, Conn.: Comparative complementation and ge- 
netic maps of the hist-3 locus in Neurospora crassa.~—Combined biochemical and genetic studies 
have indicated that allelic mutants at the hist-3 locus fall into three basic categories, as follows: 
sub-group (1) strains lacking histidinol dehydrogenase activity; sub-group (2) strains lacking 
activity for an as yet unidentified enzyme involved in an early reaction (before imidazole 
glycerol phosphate) in histidine biosynthesis; and sub-group (3) strains lacking both enzyme 
activities—Further detailed studies of a series of hist-3 mutants have led to the development of 
both a heterocaryon complementation map and a genetic map of this locus. The complementa- 











544 ABSTRACTS 


tion map comprises eleven functional units (cistrons) and contains at one end, the subgroup 1 
mutants (which accumulate histidinol in growth medium), while sub-group 2 and 3 strains (non- 
accumulators of histidinol) extend into or are entirely localized in the opposite end of the comple- 
mentation map. Strains characterized by slight histidinol accumulation (which lack histidinol 
dehydrogenase activity and presumably possess only partial activity for the early enzyme) ex- 
tend from the subgroup 1 region into an intermediate region.—Interallelic crosses of marked 
hist-3 strains have yielded histidine-independent progeny in frequencies (all less than 0.02% 
of viable ascospores plated) which permit construction of a preliminary genetic map of the Aist-3 
locus. The genetic map is generally comparable to the complementation map in that subgroup 1 
strains tend to be located at one end of the genetic map and subgroup 2 and 3 strains at the 
other end, with weak accumulators intermediate in position. Current evidence is discussed which 
favors the concept of a single continuous hist-3 locus, divisible into three regions in which mutants 
in the three subgroups are located. 


Wernserc, Rocer, (Introduced by C. C. L1), University of Pittsburgh, Pittsburgh, Pa.: Gene 
transfer in one mating type of Escherichia coli—The Hfr Hayes mating type of Escherichia 
coli, strain K-12, transfers a segment of its genome to recipient F- strains with high frequency 
(2% to 25%) in an oriented manner. Frequency of transfer is defined as recombinants per 
input Hfr, with an excess of F- recipients. Some markers are transferred at an earlier time than 
others, and transfer of early markers is seldom accompanied by cotransfer of later markers, 
while transfer of late markers is usually accompanied by cotransfer of early markers (JAcos, 
Wo.twuMan, and Hayes 1956). This will be referred to as oriented linkage, and is accompanied by 
a decrease in transfer frequency for late markers. Jacop and WoLLMAN postulate a rupture region 
in which the chromosome breaks while being transferred. Markers past the rupture region are 
transferred with low frequency (10-*%). We have studied markers located between the high 
frequency and low frequency regions, and it has been found that the loss of transfer frequency is 
gradual, not sudden, and that an oriented linkage relationship is maintained at least until cystine 
(cys), a marker showing 0.53% transfer frequency. The new markers studied, tryptophan (try), 
histidine (Ai), and cys were located on the general linkage map of Escherichia coli as follows: 
galactose (gal), prophage lambda (lambda), try, hi, cys, streptomycin (stm), methionine (me). 
There is decreasing frequency of transfer from gal to me. 


WeInMAN, Antonia A., and W. H. Gaspe_tman, University of Wisconsin, Madison, Wis.: 
Variations in cytoplasmic sterility of carrot as measured by tetrad segregation in partially fertile 
plants.—A partially fertile carrot plant was found, which shed pollen in tetrads; after self-pollina- 
tion the progeny segregated for tetrad plants and normal plants (nontetrads). Pollengrains 
stained with aceto-carmine were considered to be viable, the nonstaining grains aborted.—Tetrads 
with all five possible combinations of viable and aborted pollen grains occurred. The frequency of 
the five classes of tetrads vary rather consistently with changes in fertility level, indicating a 
characteristic relationship. A comparison of the data with various mathematical models will be 
presented. 


Wo re, H. G., and J. A. Werr, University of Kansas, Lawrence, Kansas: Correlated responses 
to selection for blood-pH in the mouse.—Since blood-pH is a complex phenotype it seems worth- 
while to isolate contributing factors. Materials consist of an outbred line, T, and two lines, TH 
and TL, derived by individual selection with minimal inbreeding. Mean blood-pH values at the 
sixth generation are: Th — 7.557 + .0073, T — 7.527 + .0061, TL — 7.498 + .0056. Selection 
responses have indicated control by a few loci with major effects. F, progeny from S, parents 
were intermediate between parental lines. Data from F.,, and BC progeny from S. parents were 
typical for a quantitative character.—Significant departures from equality of sexes, noted for 
earlier generations, have persisted.—Behavioral differences may influence blood pH by affecting 
changes in metabolic rate. Empirical observations led to the discovery that mice (TH, T, TL, F,, 
F,,, BC) which were randomized, six to a cage, were subsequently caught for pH testing in a 
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non random order. For the S,, generation, mice were randomized as for S, and S., but were segre- 
gated, one to a cage, for pH testing. A frequency distribution of sampling order of mice from 
each cage, prior to segregation for testing, showed a consistent strain-order effect in the predicted 
direction. Experiments to measure thyroid activity are in progress. 


Wotrr, SHELDON, Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.: 
Chromosome breakage and rejoining in irradiated sperm of Drosophila.—Studies on the effect of 
oxygen to increase the numbers of chromosomal rearrangements induced by X-rays have led to 
the conclusion that in plant chromosomes oxygen affects the numbers of breaks induced and also 
the rejoining of these breaks. Studying the loss of X or Y chromosomes from irradiated Drosophila 
sperm, Luninc et al. (Hereditas 1957), however, have concluded from experiments performed 
in air and in nitrogen that only rejoining and not breakage was being affected. Since Drosophila 
sperm are relatively anoxic in air these latter experiments have now been repeated in nitrogen, 
air, and also in oxygen. It has been found that if the radiation is administered in oxygen so that 
the sperm are not anoxic, then as with plant chromosomes, an effect of oxygen is found both on 
breakage and on the rejoining of breaks. 


Wo rsserc, Marityn F., Brookhaven National Laboratory, Upton, N.Y.: The effect of 2.4 
dinitrophenol upon P#? loss in adult Drosophila pseudoobscura females——Newly emerged females 
fed for seven to ten days on either a standard cornmeal-molasses-agar control medium or one 
containing 5 X 10-*M DNP, each labeled with H.,P*20,. They were then removed to unlabeled 
control or DNP food. The loss in radioactivity of individual females was followed for 14 days.— 
P*2 loss falls into two phases, each of which follows a first order reaction law. Control females 
lose 80% of their radiophosphorus by means of a slow phase having a half-time of about ten days 
and 20% by means of a fast phase having a half-time of about 1.5 days. DNP poisoned females 
lose 90% of their P32 by means of the slow phase. They accordingly lose phosphorus more slowly 
than control sibs. (Research carried out under the auspices of the U.S. Atomic Energy Com- 
mission. ) 


Wo rsserc, Marityn F., Brookhaven National Laboratory, Upton, N.Y. and Institute of 
Genetics, University of Copenhagen. Denmark: The egg-laying rhythm of mated Drosophila 
pseudoobscura.—Daily egg-laying records of 250 females were maintained for three weeks after 
eclosion. Flies oviposit initially between the third and fifth day. Bursts of egg-laying average 
1.9 days; rest periods average 1.2 days. Flies differ markedly in eggs per burst. The first three 
bursts are higher than later bursts (in poor layers the first burst is generally highest) and the 
last burst is generally lowest. Twenty percent of the least fecund flies experience four bursts; 
over 70% of the more fecund flies do so. Thus, poor layers result from few eggs per burst and 
few bursts per experimental time.—Morphological changes in the ovary accompany functional 
changes. During egg-laying, the gonad contains mature eggs; during rest, it contains only pre- 
yolk and early yolk stages. A hormonal regulation of the rhythm has therefore been postulated. 
(Research carried out under the auspices of the U. S. Atomic Energy Commission). 


Yanpers, A. F., Argonne National Laboratory, Lemont, Ill.: The effect of X-rays on sperm 
activity in Drosophila.—Estimates of the rate at which mutations are produced in Drosophila 
by ionizing radiation are based in part on studies involving irradiation of mature sperm. Reli- 
ability of these estimates depends on the validity of several assumptions. One is the assumption 
that irradiation does not influence the behavior of sperm, and that all sperm, affected and non- 
affected, are equally likely to participate in fertilization. This may not be true. Sperm activity 
is difficult to evaluate, but one aspect that can be measured is successful postcopulatory migration 
of sperm from the vagina to the ventral receptacle. A system of scoring the fullness of excised 
receptacles was used to estimate the relative activity of irradiated and nonirradiated sperm. 
Using this method, the degree of successful insemination produced by Oregon-R males mated 
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immediately after irradiation at doses as low as 2,500r is measurably less than the control rate 
If the males are held 24 hours or longer before mating, some recovery occurs; recovery may be 
complete at doses below 10,000r.—This finding has a direct bearing on dominant lethal studies. 
Kapitan (1958) has shown that unfertilized eggs may contribute significantly to the dominant 
lethality rate as measured by hatching failures. Irradiation may contribute to fertilization failure 
by (1) reducing the activity of individual sperm, and (2) lowering the number of sperm stored 
by a laying female. (Work performed under auspices of U. S. Atomic Energy Commission. ) 


YERGANIAN, GeorcE, and Mary J. Leonarp, The Children’s Cancer Research Foundation and 
Harvard Medical School, Boston, Massachusetts.: A stable mammalian in vitro system having 
maximum proliferating ability —Fibroblast-like cells derived from 18-day old embryos of the 
inbred Chinese hamster undergo rapid proliferation for many generations prior to experiencing 
heteroploid alterations (23-24 chromosomes). During this period, the availability of 95% of the 
cells in the classic diploid state (2n = 








22) facilitates numerous experimental procedures, Spon 
taneous chromosome breakage rarely exceeds 0.04% during the early phases of growth, whereas 
the frequency will rise to 0.25% breaks per 100 cells when aneuploidy occurs or following 
some 15 passages.—The X and Y chromosomes are rapidly visualized by their extensive display 
of differentially spiralled “block” heterochromatin in the mitotic metaphase (as contrasted to 
other mammalian systems) thereby encouraging mixed population studies involving sex chromo- 
somes as markers to determine the selective advantages of distinctly new chromosome rearrange- 
ments in certain sublines. Whenever necessary, republication of trials is facilitated by employing 
pregnant inbred littermates or siblings, thereby continuing the genetic background of the tissues. 
Point mutations and heteroploid alterations, which one must be prepared to offset with cloning 
procedures, are conveniently bypassed by the use of this replicable inbred embryonal fibroblast 
system.—Quasidiploidy and aneuploidy provide interesting variants. Similarly, subdiploid cells 
of the Chinese hamster, derived following the introduction of the SE mouse polyoma virus in 
newborn, provide unique monosomic relationships for single cell cloning, exhibit rare mutations, 


and display a phenomenally high proliferative ability. (This work is supported in part by grant 
#293C from the Damon Runyon Fund and grant #G-2829 from the National Science Founda- 
tion). 
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P REVIOUS work has indicated that there are at least two loci (ma-l+ and 
ry*)* in Drosophila melanogaster capable of mutating independently to produce 
a deficiency of xanthine dehydrogenase (Forrest, GLAssMAN and MircHELL 
1956). Some results of this deficiency are accumulations of the substrates (hypo- 
xanthine and 2-amino-4-hydroxypteridine) of this enzyme, and a lack of the 
products (uric acid and isoxanthopterin) formed from these compounds (Mitcx- 
ELL, GLASSMAN and Haporn 1959). In addition, the red eye pigment of these 
flies is diminished so that the color of the eye is dark red-brown; however, the 
direct relation between the enzyme deficiency and the eye color is obscure at 
present. The enzyme from wild type adults has been purified with charcoal, 
ammonium sulphate, and calcium phosphate gel, but treatment of the mutant 
extracts with this procedure has failed to elicit enzymatic activity indicating that 
the deficiency in the mutants is not due to simple inhibitors (GLAssmMaAN and 
MircHE.x 1958). The present report concerns a maternal effect associated with 
ma-l+, which is not dependent on the presence of ry+. A preliminary report of 
this investigation has appeared (GLAssMAN, Hussy and MircuHetu 1958). 


MATERIALS AND METHODS 


Unless stated otherwise, all procedures followed those reported previously 
(GLAssMAN and MircHet 1959). The enzyme was assayed in various strains as 
follows: 100 adult flies, one day old, were homogenized in 1.0 ml of 0.1 M Tris 
buffer, pH 8. Two to five mg of Norit-A were added, and after ten minutes the 
mixture was centrifuged to remove the charcoal. The colorless supernate (0.5 ml) 
was added to an assay mixture containing 0.5 ml buffer; 0.01 ml 10-* M 2-amino- 
4-hydroxypteridine; and 0.01 ml 10°* M methylene blue, and the reaction was 
followed photofluormetrically as described previously (GLAssMAN and MircHELL 


1 This work was supported in part by a contract from the Atomic Energy Commission (Con- 
tract No. AT (04—3)-41). 

* The following abbreviations for various mutants are used (Bripces and BreHME 1944): 
Bx* = Beadex wing; cu —curved wing; f = forked bristle; m= miniature wing; ma-l = 
maroon-like eye color: ry = rosy eye color: ss = spineless bristle: st = scarlet eye color; TM1 

third chromosome balancer (Lewis, pers. comm.); th = thread anthenae: y = yellow body 
color; y f: is an attached-X chromosome containing y and f. 
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1959), except that the quinine standard was set at 100 instead of 30 to increase 
sensitivity. 

Chromatographic procedures were carried out as previously described (Ha- 
poRN and MircHewy 1951; GLassMAN and MircHe.y 1959). Analysis of single 
pupae and flies was accomplished by squashing directly on the chromatography 
paper, but extracts were also used as follows: 50 flies were placed in a small 
homogenizer with 0.2 ml of distilled water or 1 percent NH,OH, and subjected 
to a boiling water bath for a few minutes. They were then homogenized and 
again heated in a water bath. The mixture was then centrifuged, and the result- 
ing supernate was applied as-a one cm streak at the starting line of the paper 
chromatogram. 

The combination of st with ma-/ or ry produces orange eyes. This greatly 
facilitates the separation of ma-/+ from ma-l, and ry+ from ry, and for this 
reason the stocks used in this investigation contained st. 


RESULTS 


Progeny analysis of reciprocal crosses between ma-/ and wild type revealed 
that ma-l is a typical sex-linked recessive as reported by OLIVER (see BripcEs and 
BreHME). However, when the F, ma-l/ma-l+ females are crossed to ma-l males, 
the expected ma-l phenotype does not appear even though half the flies are 
genetically ma-l as revealed by genetic markers and progeny tests. The effect is 
also obtained when attached-X females (y f: = ; st) are crossed to ma-l ; st males, 
and most of the analysis was accomplished with this type of cross. 

Since ma-l is probably nonautonomous (GLassMAN 1958). one explanation 
might be that the wild type progeny excrete products which are capable of affect- 
ing their ma-/ sibs during larval development. However. this is disproved by the 
cross, ma-l/ma-l X wild type, which produces normal ma-l males, and also by 
further experiments in which attached-X females (y f: =; st, mated to ma-l* 
males) and ma-l females (y ec ma-l ; st females mated to males of their own 
genotype) were allowed simultaneously to lay eggs in the absence of the males 
in the same bottle, simulating the conditions found in the cross between attached- 
X females and ma-/ males. All y ec ma-l ; st offspring had ma-/ eyes indicating 
that no cross-feeding occurs between wild type flies and ma-l. 

The progeny from maternally-affected males and females have the normal 
ma-| phenotype, and, therefore, the maternal effect is due to a “predetermina- 
tion” of the egg and is not due to self-reproducing cytoplasmic particles. Addi- 
tional tests indicated that the presence of other genes (al, B, Bx’, ec, f, fu, m, m”, 
pol, ptg’, sn’, st, wy, y (see Bripces and BrEHME).) did not alter this effect. The 
usual interpretation for this type of phenomenon is that the ma-/+ females are 
passing a substance to their progeny through the egg. For convenience, we shall 
designate this material as “x.” 


Biochemistry 


Paper chromatography revealed significant differences between the normal 
ma-l males and the maternally-affected ones. First, the maternally-affected males 
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have increased amounts of the red pigment, and their eye color resembles the 
wild type exactly. Second, traces of uric acid and isoxanthopterin (the enzyme 
reaction products) are present indicating that xanthine dehydrogenase occurs 
in these flies, and, indeed, small amounts of enzymatic activity were found when 
the maternally-affected flies were assayed (Figure 1). This small change in 
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Figure 1.—Enzyme activity in maternally-affected flies. The enzyme was prepared and 
assayed as described under Methods. 





fluorescence in extracts of maternally-affected ma-l was shown to be due to the 
formation of isoxanthopterin as follows: one gram of maternally-affected ma-/ 
males, less than one-day old. was homogenized in 2 ml 0.1 M Tris buffer, pH 8.0, 
and the solution was centrifuged at 30,000 Xx g for 15 minutes. Charcoal (Norite- 
A) was added to the supernatant solution in 100 mg portions until all traces of 
eye pigment were removed. To 0.3 ml of the colorless extract were added 0.01 ml 
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of 10°* M 2-amino-4-hydroxypteridine and 0.01 ml of 10°* M methylene blue. 
The mixture (0.1 ml) was applied as a one cm streak for paper chromatography 
before and after a three hour incubation at 25°C. The chromatogram was de- 
veloped with propanol: one percent ammonia (2:1) for two hours. The use of an 
ultraviolet lamp emitting at 3600 A revealed traces of isoxanthopterin after incu- 
bation, but none before. Control extracts of normal ma-/ did not produce any 
isoxanthopterin. 

Visual inspection of the chromatograms of maternally-affected flies reveals that 
the amounts of the enzyme substrates (hypoxanthine and 2-amino-4-hydroxy- 
pteridine) present are variable but lie between the amounts found in the usual 
ma-l and the wild type male. However, when the spot containing the 2-amino-4- 
hydroxypteridine is eluted from the paper and the amount of fluorescence of the 
eluate determined, it appears that more fluorescence is present in the maternally- 
affected flies than in ma-l or wild type (Hussy and Forrest unpublished). These 
results are being pursued further, and may indicate the existence of another 
compound involved in this system. 


Effect of environment 


Only ma-/ flies which emerge in the first six to eight days after the first flies 
appear are maternally-affected; after this time a short period occurs (one to two 
days) during which the flies emerging have intermediate eye colors between ma-l 
and wild type, but later none is maternally-affected and all have the typical ma-l 
phenotype. This reversal could be due to a depletion of *‘x” in the female parent, 
or to a change in the condition of the culture. To test these alternatives, y f:=; st 
females were mated to m ma-l ; st males (Table 1), and transferred periodically 
to new bottles. Each successive bottle was then examined daily to determine the 
first day that males which were not maternally affected appeared. The results 
show that the time of disappearance of the maternal effect is the same regardless 
of the age of the female. Thus, it seems that the ma-/+ females are capable of pro- 
ducing “‘x” throughout their lives. and that the decline in the maternal effect is 


TABLE 1 


The effect of age vs. culture conditions on the maternal effect of ma-\ 





Number of days from Number of days between transfer and 
lransfer previous transfer the disappearance of the maternal effect 


16 
15 
6 16 
17 
17 
15 
17 
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Ten pairs of the mating yf:= : st females * m ma-l: st males were successively transferred to fresh bottles at five to 
seven day intervals. The bottles were examined daily in order to determine the first day that male progeny which are not 
maternally affected appeared 
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due to a change in the culture environment. This interpretation received further 
support when ten pairs of the mating, attached-X females x f Bx’ ma-l males,* 
were added to food bottles in which attached-X females (mated to m ma-l males* ) 
had been allowed to lay eggs for seven days. The bottles were then examined 
daily in order to determine the time at which the maternal effect diminished for 
the m ma-l and f Bx’ ma-l males, respectively. The m ma-l males showed the 
usual pattern, i.e., these males were maternally affected until five to six days after 
the first flies emerged; however, during the time the f Bx’ ma-l males developed 
the critical change had occurred in the culture, and none of these flies was 
maternally affected. 

The nature of the change is not known. It may be due to the depletion of a 
dietary factor necessary for the maternal effect, or it may be due to the accumula- 
tion of metabolic substances which can inhibit the small amounts of enzyme 
present in the maternally-affected flies. Experiments designed to test these alter- 
natives are in progress. 


Effect of ry 

The mutant ry is located on the 3rd chromosome at 51+. When females hetero- 
zygous for ry’ (th st cu ry' ss / TM1) are crossed to ry' males (th st cu ry' 
ss or th st cu ry' ss / TM1). the non-7M1/ progeny are phenotypically normal ry, 
indicating that ry’ is not maternally affected by ry+. A similar result was ob- 
tained using ry’. Since both ry and ma-/ are deficient in xanthine dehydrogenase, 
one might expect that ry / ry might negate the maternal effect of ma-/+. Accord- 
ingly, attached-X females containing st ry’ or st ry® (i.e.. y f: = ; st ry) were 
mated to m ma-l ; st males. The result was unexpected since the maternal effect 
of ma-l+ was still manifested in the m ma-l ; st ry / st+ ry+ male progeny. Thus, 
the maternal effect of ma-/+ does not depend upon the simultaneous presence of 
ry*. It should be noted that mating the above y f: = ; st ry? females to males 
containing both ma-l and ry (ma-/ ; st ry?) produced ma-l ; st ry males which do 
not exhibit a maternal effect, since they are homozygous for ry. 


DISCUSSION 


Maternal effects of the type associated with ma-l+ occur in many organisms. 
These are characterized by a “predetermination” of the egg cytoplasm by the 
physiological condition of the female parent so that the progeny reflect her 
genetic constitution, even though they may have a different genotype. This effect 
does not persist beyond one generation, since maternally-affected organisms have 
progeny which are typically mutant. This phenomenon is interpreted as being 
due to a substance which the female parent passes to her progeny; the lack of 
persistence beyond one generation is taken to mean that this compound is not 
synthesized in the maternally-affected mutant, and is diluted out or used up dur- 
ing protoplasmic growth. In the case of ma-l*+, this contribution from the female 
parent is designated as “x.” 


* The crosses were y f:—=; st X f Bx* ma-l; st and y f:=; st X m ma-l; st. 
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An example of this type of maternal influence is associated with sinistral and 
dextral coiling in snails (Boycorr et al. 1930), some egg color mutants of Bom- 
byx (KrkKawa 1957), the a mutant of Ephestia (Caspart 1933), the light eye 
color mutant (BEApLE 1937) and the vermilion eye color mutant (Grar 1957) 
of D. melanogaster, and many others. These maternal effects are associated with 
processes initiating in the egg or in early development, whereas the effect seems 
to be much later with ma-l+ ; indeed, “‘x”’ apparently persists to the adult stage 
where we can observe a wild type eye color and traces of xanthine dehydrogenase 
and its reaction products. This would tend to eliminate the idea that “x” is a 
simple substance such as an enzyme activator or cofactor, since such compounds 
which are not being resynthesized would probably be depleted prior to the adult 
stage. 

On the other hand, “x” may represent the enzyme, particularly since there is 
approximately only 1/1000 the enzyme activity in maternally-affected ma-/ 
males than there is in their female parent. Comparison of the weight of the adult 
female (approximately 0.8 mg) and the egg (about 0.008 mg) indicates that 
1/100 of the enzyme present in the adult female can be passed to the egg, if we 
assume that the enzyme is distributed equally throughout the adult and the egg. 
This may not be true since the egg contains considerable yolk, which may not 
carry the enzyme. In any case, the small amount of enzyme present in the adult 
would be consistent with the idea that it is “x.” However, since females which 
are homozygous for ry (y f: = ; st ry?) and which are therefore deficient in 
xanthine dehydrogenase, can still exert a maternal effect on ma-l progeny, it is 
difficult to see how this enzyme could be “x.” Another alternative is that “x” is a 
component of the enzyme-forming system, which might be stable, and which 
could overcome possible cytoplasmic dilution by producing many enzyme mole- 
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cules. Data on this point are lacking, however, and it is difficult to rule out any 
possibility. 

The question arises as to why ry flies cannot respond to “x”’ in the egg. Since 
ma-l+ ; ry females can exert a maternal effect on ma-/, it is obvious that ry flies 
can synthesize “x.” Thus, it would appear that ry flies cannot respond to maternal 
influences because they are blocked in the utilization of “x.” On the other hand, 
the maternal effect on ma-l most likely occurs because these flies can utilize “x” 
if it is present in the egg. These data suggest that a sequential relationship may 
exist whereby ma-l is blocked in the synthesis of “zx,” and ry is blocked in its 
utilization; a simple scheme (Figure 2a) can account for these data, but other 
equally likely pathways can also be applied (Figure 2b). It is of interest that the 
only other difference between ma-/ and ry which has been found concerns the 
presence of a substance which can cross-react with the antibody to xanthine 
dehydrogenase. This substance is present in ma-l and deficient in ry (GLASSMAN 
and MitcHEL.t 1958). Its significance is not yet known. 


SUMMARY 

Previous work has shown that two eye color mutants of Drosophila melano- 
gaster (ry and ma-l) are deficient in xanthine dehydrogenase. The present study 
concerns a maternal effect which ma-l+ / ma-l females have upon their ma-l 
progeny. It is of interest that ry+ / ry females do not exert a similar effect on ry. 
Biochemical studies have shown that in addition to increased amounts of red eye 
pigment, the maternally-affected ma-l flies have traces of isoxanthopterin and 
uric acid (the enzyme products), as well as traces of the enzyme itself. This case 
is unusual, since most maternal effects of this type usually affect processes ini- 
tiating in the egg or in early development, while the effect here seems to be much 
later in development. 

However, only flies which emerge in the first six to ten days of hatching show 
this effect; following this time the adults which emerge in the bottle have the 
typical ma-l eye color. This is due to a change in the culture and not to the age of 
the female parent, since old females transferred periodically to new bottles will 
also have maternally-affected progeny in each new bottle until six to ten days 
after the first flies emerge. The nature of this change is not known. 

The data suggest that the ma-/+ / ma-l females are passing a substance to their 
progeny in the egg cytoplasm. This substance is not made in ma-l flies. but can be 
utilized by this mutant; hence, the maternal effect. On the other hand, since 
ma-l+ / ma-l ; ry females can exert a maternal effect on ma-/, it is evident that 
ry can synthesize this compound and pass it to the egg; its utilization is probably 
blocked in this mutant. This suggests that a sequential relationship may exist 
between the reactions blocked by these mutants. 
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S ELECTIVE fertilization or incompatibility has been reported to exist in many 
\7plant species. The usual reaction which results in these phenomena is one be- 
tween the diploid style and the haploid pollen tube so that selective fertilization 
occurs. Selective fertilization in lima beans appears to be similar to that reported 
in maize by Emerson (1925) and MAaNGeEtsporF and Jones (1926) where the 
effect of the dominant gametophyte factor Ga is operative only when ga and Ga 
pollen are competing on stylar tissue which is Ga/Ga or Ga/ga. Under these 
conditions pollen gametes with the recessive ga factor fail to effect fertilization, 
or effect only a small percentage of the fertilizations. In a species such as lima 
beans where controlled pollination is restrictive in producing large backcross 
populations, such a gametophyte factor can be detected only when it is linked 
with a qualitative factor in progenies of self-fertilized heterozygous plants. Quali- 
tative factors when linked with the gametophyte factor will be detected by hav- 
ing either a deficient or excess class depending on whether the linkage is in the 
repulsion or coupling phase. 


MATERIALS AND METHODS 


Determinate vs. indeterminate plant habit of growth 


F, progenies segregating for the D/d gene were observed and recorded inci- 
dental to a lima bean breeding project at the University of Illinois, and it was 
noted that all of the progenies did not fit the expected 3 vine: 1 bush ratio. 

ALLARD (1953) reported that the determinate habit of growth of lima bean 
plants was inherited as a monogenic recessive. Mackre and SmirH (1935) had 
observed other ratios, in addition to the usual 3 vine:1 bush in F, progenies, 
although no supporting data were given. ALLARD speculated on the possibility of 
genes at other loci for this character and on the basis of his data concluded that 
if they did occur their frequency must be low in the species. 

One indeterminate parent plant in particular was associated with the aberrant 
ratios observed in Illinois. Twelve crosses had been made using this indetermi- 
nate plant (designated as G.F.B.) and the segregating F, progenies are shown in 
Table 1. In all crosses G.F.B. was used as the male parent and the F, progeny 
were all indeterminate. Three of the 12 F, progenies when tested for the 3:1 fit. 
had probabilities of less than .01, and an additional five had probabilities of less 
than .20. The pooled data was tested and a chi-square (,*) of 47.176 for the 3:1 
fit was calculated, having a probability value of less than .01. The data were then 
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TABLE 1 


F , progenies from plant G.F .B. used as the male parent. The aberrant 3:1 ratios for the segregating 
D/d genes are shoum indicating selective fertilization. Recombination percentages 
for the D-Ga loci are calculated 





Year Observed Percent recombination 

Cross no grown D dd x2 3:1 P between D-Ga loci 
1055-55 1955 117 67 13.356 >.01 Fis 7 
1055-F 1956 173 86 9.309 >.01 34.36 5.83 
1055-GH 1956 81 +0 4.189 .02-.05 33.88 8.55 
1059 1956 37 15 A11 50-.70 42.31+12.56 
1060 1956 175 69 1.399 .20—.30 43.444 5.77 
1062 1956 97 +1 1.633 .20—.30 40.58 7.05 
1060 (24-16) 1957 322 133 3.937 .02—.05 41.544 4.26 
1104—A 1957 105 +3 1.180 .20-.30 41.89 7.46 
1106 1957 123 55 2.901 .05-.10 38.20 6.83 
1061 1957 429 172 3.853 .02-.05 42.76+ 3.96 
1061-G.H. 1957 117 +9 1.807 .10-.20 40.96+ 7.08 
1104-B 1958 408 180 9.877 >.01 38.77+ 3.02 
(Pooled) 2.184 950 47.176 >.01 39.37 1.64 
Homogeneity 6.676 .80-.90 





tested for homogeneity and the chi-square (”) of 6.676 with 11 degrees of free- 
dom gave a probability value of .80-.90. The deficient class was the indeterminate 
type and the data were homogeneous. 


RESULTS 
Linkage of D/Ga loci 


Based on an hypothesis as reported by Emerson (1925) and MANGELSDORF 
and Jones (1926) for maize it was assumed that plant G.F.B. was homozygous 
for a recessive gametophyte factor that failed to effect fertilization when in com- 
petition with a dominant gametophyte factor, and that this factor was linked with 
the D loci. The linkage measurement would be restricted to the male gametes 
even though crossing over was assumed to be equal in both sexes. Following the 
“Method of Maximum Likelihood” (Maruer 1951) the formula was derived 
which gave a linkage measurement and the standard error for such a measure- 


" ai—a, . ae — 
ment. The formula p = ———— gives the recombination value for repulsion link- 
n 
age in a F, population where a, = dominant class, a. recessive class and n = 
total population. The standard error of the recombination value was calculated 
/(1—p) (1 + p) 
n 


using the formula S, = \/ 





where p = the recombination value. 


The linkage values calculated for each cross and the polled data are shown in 
Table 1. For the pooled data the percentage of recombination between the D and 
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Ga loci was calculated to be 39.37 + 1.64. A small population of the backcross 
d/Ga d/Ga x D/ga d/Ga was observed to segregate 15 D-:25 dd. This 15:25 ratio 
fits a 1:1 with a probability value of .10-.20. However, if we assume the ga pollen 
gametes as being nonfunctional and 40 percent recombination between the D-Ga 
loci then the expected ratio becomes 16:24 which is very near the observed 15:25. 
The calculated recombination value for this backcross population is 37.5 + 7.65 
percent. This backcross population, because of its small number, is not indicative 
of selective fertilization in itself but when considered in the light of the F. data 
it supports the hypothesis of a gametophytic factor causing selective fertilization. 

The effect of the gametophyte factor was observed in a sample of F, families 
from cross #1061. Seventy-nine indeterminate plants were sampled from a field 
grown F, population. Twenty seeds from each plant which were assumed to be 
self pollinated were planted in the greenhouse and were observed as to whether 
they segregated determinate plants. If unrestricted fertilization occurred in the 
F, plants a ratio of 1 nonsegregating to two segregating F, families should be 
expected. However, if selective fertilization occurred based on the proposed 
hypothesis, then the expected ratio should be two nonsegregating to five segre- 
gating F,, families. The 79 F,, families segregated 19 all indeterminate to 60 segre- 
gating determinate plants. This ratio of 19:60 when tested for an expected ratio 
of 1:2 had a chi-square value of 3.037 with a probability of .10-.05 and when 
tested for a 2:5 ratio the chi-square was reduced to .803 with a probability of 
.50-.30. Because of the closeness of a 1:2 and a 2:5 ratio the sample of 79 families 
was not large enough to disprove one of the ratios but based on the probability 
values the 2:5 ratio was not improbable. 

“Sixteen F,, families from self pollinated heterozygous indeterminate F, plants 
were field tested in 1958 to determine if expected deviations from a 3:1 (indeter- 
minate vs. determinate) ratio occurred. Based on the proposed hypothesis of a 
recessive gametophyte factor linked in the repulsion phase and having 40 per- 
cent recombination with the D locus, the F, families would be expected to segre- 
gate into a 7.7:5.8:2.5 ratio for segregation of 3:1; 7:3 and 4:1 indeterminate vs. 
determinate respectively. The 7:3 ratio indicates repulsion linkage, the 4:1 ratio 
indicates coupling linkage and the 3:1 ratio indicates homozygosity of the Ga 
factor. The data from the F,, families are shown in Table 2. The size of the indi- 
vidual F, families was reduced due to unfavorable growing conditions and this 
prohibited the disproving of 3:1 ratios, but based on the smallest probability the 
16 F, families segregated into a ratio of 6:7:3 which fits the expected 7.7:5.8:2.5 
ratio having a probability value of .70. This 6:7:3 segregation is not statistically 
valid but nevertheless is indicative of the expected deviation based on the pro- 
posed hypothesis. The significant fact indicated by the F, data was the occur- 
rence of results which seem to fit the 4:1 ratios indicating coupling phase linkage 
between the D and Ga loci.” 


Effect of Ga factor on other loci 
The observed aberrant ratios for indeterminate vs. determinate plant type may 
be due to factors other than selective fertilization as proposed here. In order to 
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TABLE 2 


Progenies from F , plants showing segregation of the indeterminate-determinate types 
into 3:1, 7:3 and 4:1 ratios 





Chi-square value and approximate 





Fs family Observed probability for expected ratios of 
number Indet Det 31 : 7:3 4:1 a 
10 153 56 0.359 56 1.023 oe 6.030 01 
14 101 37 0.241 .64 0.668 43 +.001 .05 
15 182 68 0.645 4 0.960 34 8.100 >.01 
18 83 31 0.292 61 0.427 52 3.686 .05 
22 90 27 0.231 65 2.029 16 0.692 42 
25 152 57 0.567 46 0.740 AI 6.909 >.01 
Pooled 761 276 1.443 23 5.657 02 28.362 >.01 
26 86 34 0.711 42 0.166 .69 5.209 .02 
I 98 +1 1.499 .23 0.017 .90 7.835 >.01 
13 279 110 2.228 50 0.550 47 16.659 >.01 
19 109 50 3.524 05 0.158 .69 13.020 >.01 
20 316 120 1.480 23 1.274 27 15.422 >.01 
21 92 39 1591 21 0.003 .97 8.752 >.01 
23 109 45 1.464 .23 0.044 84 8.184 >.01 
Pooled 1.089 439 11.340 >.01 1.173 .28 72.789 + >.01 
9 145 36 2.521 12 8.810 01 0.001 .98 
24 142 35 2.578 12 8.814 01 0.006 .97 
27 99 25 1.548 22 ».716 .02 0.002 .98 
Pooled 386 96 6.641 >.01 23.334 >.01 .002 .98 





resolve this, the effect of the Ga locus was observed with respect to loci other than 
the D locus. 

In lima beans the gene W//wl (willow leaf) governs leaflet shape. The homo- 
zygous dominant genotype produces a lanceolate leaflet, the heterozygous geno- 
type produces an ovate-lanceolate leaflet and the homozygous recessive genotype 
produces an ovate leaflet (ALLARD 1953). The W/ locus is very closely linked 
with the D locus, having a calculated recombination value of 1.8 + .4 percent. A 
cross between a California line L62 (W/Wldd) and G.F.B. (wlwlDD) was made 
and the F, segregation of the W/ gene is shown in Table 3. The data did not fit a 
calculated 1:2:1 ratio, having a probability value of less than .01 indicating that 
selective fertilization occurred with respect to the W/ locus. The deficient class 
was the homozygous recessive. Assuming coupling linkage between the W/ and 

; — ; a» 
Ga loci the recombination percentage was calculated using the formula p= a 
1 29 
where a, is the homozygous dominant class, and a, the homozygous recessive 


n 


class. The formula Sp gives the standard error of p. The recom- 
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TABLE 3 


Goodness of fit for 1:2:1 and 3:5:2 ratios for the F , progeny of cross no. 1104 (W1/Ga X wl/ga). 
The 3:5:2 calculated ratio is based on 40 percent recombination between the wl-Ga loci 





Expected ratios 





Genotype Obs. no 1:2:1 3:5:2 

Wwiwl 220 184 220.8 

Wlwl 353 368 368.0 

wlwl 163 184 147.2 
1:9:1572=10.359p—=>01 — > 
3:5:2x2= 2310p 50-.30 





bination value was calculated to be 42.56 + 3.57. The recombination value be- 
tween the D and Ga loci (repulsion linkage) for the same F. population was cal- 
culated to be 39.40 + 3.39. Because of the close linkage between the W/ and D 
loci the F, population was not large enough to determine the spatial relation 
between these two loci. The effect of selective fertilization as demonstrated by 
the segregation of the W//wil gene indicates that the observed aberrant ratios for 
the D/d gene are not due to additional alleles for this character, but that the 
section of chromosome on which the W/ and D loci are located is affected by the 
action of another factor located on this chromosome. 

In lima beans a dominant gene R conditions the dark red seed coat in the 
presence of the basic color factor C. (ALLARD 1953). ALLARD (1956) has shown 
that the R and D loci are linked. His data indicate a recombination value of .40 
for these two factors. Although the data did not agree in supporting this recom- 
bination value, they demonstrated beyond reasonable doubt that these two loci 
were linked. Data from F. populations of four crosses involving the R and D loci 
were observed at Illinois and are shown in Table 4. The calculated recombination 
value for the pooled data was 22.11 + 2.27 percent. The data were tested for 
homogeneity and a x’ value of 3.476 with probability of .30-.50 indicated the data 


TABLE 4 


F , progenies segregating for the D/d and R/r genes showing the linkage between these two loci. 
Two crosses were in the coupling phase and two in the repulsion phase. The recombination 
value for the combined data and the chi-square for homogenity of the data 
are calculated 





Percent recombination 








a b ri d 
Cross no. D/R D/r a/R d/r between D-R loci Score Information x° 
1105(C) 38 6 5 10 20,3+5.9 - 4.547377 —«-256.119 081 
1038(C) 163 2 221 44 18.6+2.7 31.041010 1,093,932 881 
1106(R) 68 27 36 3 28.8+7.8 +-12.749360 150.750 1.078 
1061(R) 191 81 111 8 26.5+4.7 4.24.977610 439.875 1.439 
+ 2.138583 1.940.676 3.479 


p = 22.112%2.27 (x? = 3.479—.002 = 3.477 p = .30-.50) 














560 W. P. BEMIS 


to be homogeneous. However, the genetic diversity of these data was not as great 
as in ALLARD’s material which may partially account for the observed differences 
in the recombination values of 40 and 22 percent. The fact that the two loci are 
linked is quite evident. Since the percentage of recombinations for the D—Ga loci 
is approximately 40 and the R—D loci approximately 22, then the percentage of 
recombinations for the R-Ga loci should either be greater or less than the D-Ga 
loci depending upon the spatial relation of these three loci. 

In two of the 12 crosses shown in Table 1 the R gene was segregating, and the 
F,, data are shown in Table 5. These F, populations were also segregating mottle 


TABLE 5 


F , progenies segregating for the R/r genes and calculated recombination values from coupling 
phase linkage between the R-Ga loci 





Observed Percent recombination 


Cross no rr x" 3:1 P between R-Ga loci 
1106 104 30 4874 50 44.777 .21 
1061 302 89 1.0443 30 $5.5244.14 
Total 406 119 1.5244: .20—.30 45.33+3.65 





patterns which reduced the classification of the entire population for the R-:rr 
genotype. The linkage between the R-Ga loci was in the coupling phase and was 
calculated using the formulae derived by the “Maximum Likelihood Method.” 


D) 
. 2a, — ; . 
The formula p = —— gave the recombination value and the formula S, 
n 
/(2—p) (p) ; : 
\/ —————- gave the standard error of the recombination value where a. = the 
n 


recessive Class, nm = the total population and p = the recombination value. The 
recombination value for the pooled data (Table 5) was 45.33 + 3.65 percent. 
This recombination value indicates that the R locus must be located on the oppo- 
site side of the D locus from the Ga locus. Interpolating from the table published 
by HaLpane (1919) the distance between the R-D loci is 24.2 centimorgans and 
between the D-Ga loci 51.1 centimorgans, which places the R-Ga distance at 75.3 
centimorgans. The theoretical recombination value for the R-Ga loci is then in- 
terpolated to be 47.1 percent. This theoretical value does not differ significantly 
from the calculated value of 45.33 + 3.65 percent. 


DISCUSSION 


In calculating these recombination values the assumption was made that the 
ga gamete was completely inhibited from effecting fertilization. EMErson (1934) 
estimated that an average of four percent of the fertilizations in maize were by 
ga gametes when in competition with Ga gametes on Ga-stylar tissue. If this is 
occurring in lima beans there is no direct evidence either for or against it. In- 
direct evidence that this might be occurring is the calculated recombination value 
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of 27.17 + 7.30 percent for cross 1055—55 which was grown in 1955. This re- 
combination value of 27.17 + 7.30 which differs from the pooled value of 39.37 
+ 1.64 may be the result of environmental inhibition of the ga gamete to a 
greater degree in 1955 than during 1956, 1957, or 1958. 

ScHwartz (1950) reported a third allele at the Ga locus in maize which he 
named Ga‘. This factor was stronger in its action and the ga gametes seldom 
effected fertilization on Ga*/ga silks when in competition with Ga* gametes. Such 
a situation in lima beans could exist and might explain the reduced recombination 
values in the three 1055 crosses. These three crosses when grouped separately 
have a recombination value of 31.56 + 3.99 percent. compared to the recombi- 
nation value of 41.77 + 2.04 percent for the eight remaining crosses. However it 
should be noted that in making the original crosses the ga gametes did effect 
fertilization on the Ga/Ga stylar tissue as long as there was no competition from 
Ga gametes. Furthermore the data from all crosses for observed vine: bush ratio 
were tested and found to be homogeneous with a probability value of .70—.80 
(Table 1). In order to resolve the questions of the percentage of ga gametes that 
may effect fertilization and or the presence of additional alleles at the Ga locus, 
further recombination data for genes closely linked to the Ga locus is necessary. 


SUMMARY 


Selective fertilization has been observed to occur in lima beans. The recessive 
ga pollen gametes are deficient in effecting fertilization on Ga/ga stylar tissue 
when in competition with Ga pollen gametes. The D, W/ and R loci are in the 
same linkage group with the Ga locus having 39.37 + 1.64, 42.56 + 3.57, and 
45.33 + 3.65 percent recombination with the Ga locus respectively. The D locus 
is between the R and Ga loci with 22.11 + 2.27 percent recombination between 
the R—-D loci. The D, W1 loci are very closely linked, 1.8 + .4 percent recombi- 
nation, and the spatial arrangement was not determined for these two loci. The 
linkage calculations involving the Ga locus were based on the assumption that 
the ga pollen gametes were completely inhibited from effecting fertilization on 
Ga/ga stylar tissue when in competition with Ga pollen gametes. The possibility 
of ga pollen gametes effecting fertilization when in competition with Ga polien 
gametes or the possibility of additional alleles at the Ga locus which affect the 
amount of fertilizations was not resolved. 


ACKNOWLEDGMENT 


The author expresses his appreciation to Dr. Roperr W. ToucHBERRY, Associ- 
ate Professor of Genetics, University of Illinois for his help in deriving the linkage 
formulae. 


LITERATURE CITED 
Atxiarp, R. W., 1953 Inheritance of some seed-coat colors and patterns in lima beans. Hilgardia 
22(5): 167-177. 
1953 Inheritance of four morphological characters in lime beans. Hilgardia 22(11): 383-389. 











562 W. P- BEMIS 


1956 Formulas and tables to facilitate the calculation of recombination values in heredity. 
Hilgardia 24(10): 235-278. 
Emerson, R. A., 1925 A possible case of selective fertilization in maize hybrids. Anat. Record 
29: 136. 
1934 Relation of the differential fertilization genes, Ga ga to certain other genes of the Su-Tu 
linkage group of maize. Genetics 19: 137-156. 
Hauvang, J. B. S., 1919 The combination of linkage values, and the calculation of distances be- 
tween the loci of linked factors. J. Genet. 8: 299-309. 
Mackie, W. W., and F. L. Smiru, 1935 Evidence of field hybridization in beans. J. Am. Soc. 
Agron. 27: 903-909. 
Mancetsporr, P. C., and D. F. Jones, 1926 The expression of Mendelian factors in the game 
tophyte of maize. Genetics 11: 423-455. 
Maruer, K., 1951 The Measurement of Linkage in Heredity. John Wiley & Sons, New York. 
Scuwartz, Drew, 1950 The analysis of a case of cross-sterility in maize. Proc. Natl. Acad. Sci 
U.S. 36: 719-724. 





SILVERING (si) AND DIMINUTION (dm) OF COAT COLOR OF THE 
GUINEA PIG, AND MALE STERILITY OF THE WHITE OR 
NEAR-WHITE COMBINATION OF THESE"? 


SEWALL WRIGHT 
Department of Genetics. University of Wisconsin, Madison, Wisconsin 


Received August 11, 1958 


HE present paper is based on studies of the residual variability in the inten- 

sity of the colors due to the recognized genes in a largely self contained colony 
of guinea pigs. It is convenient to recognize seven major series of colors, each 
varying from a pale color, barely distinguishable from white to full intensity, 
primarily in accordance with the combination of c alleles, but secondarily because 
of the genes to be considered in this paper. 

Empirical grades have been based on standard hair samples, chosen so that 
each grade is barely distinguishable from the preceding. One series of such 
standards has been used for the eumelanic colors (black. sepia, brown) and 
another for the phaeomelanic ones (yellow). Table 1 is taken from a previous 
paper to show the average grades and the standard deviations for the seven main 
series of colors (columns) and the various combinations of c alleles (WricutT 
1949). 

The standard deviations in Table 1 give an indication of the amount of residual 
variability in intensity but not fully. In describing these data, it was noted 
(Wricurt 1949) “no dark eyed sepias from matings in this series of experiments 
have been excluded because their grades deviated unexpectedly much from the 
genotype which had to be assigned them. Thus a number of extremely light sepias 
of genotypes cc’ and c'c" (grades 7 to 9) segregated out and are included. Matings 
of such animals were. however, made in a different series of experiments designed 
to analyze extreme dilution and thus their progeny and descendants are not 
included here.” 

The same procedure was followed with unexpectedly light yellows, especially 
of genotypes c*c’, c*c*, cic’, and c’c’ (grade 3 or less instead of the usual 4 or 5). 

There were also unexpectedly light pale sepias known to be EBCppF by 
ancestry and breeding tests, but as low in intensity as 2 instead of the usual 8 to 
13. In this case, it seemed best to exclude bodily a cluster of eight closely related 
matings in establishing the norm. 


Correlations among residual variations 
It was obvious from the first that extreme dilution of yellow and of dark-eyed 
sepia were largely due to common factors. They tended to segregate out from the 


1 Paper No. 730 from the Department of Genetics, University of Wisconsin. 
2 This investigation was aided by a grant from the Wallace C. and Clara A. Abbott Memorial 
Fund of the University of Chicago where the experimental work was conducted. 
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same matings, and, in tortoise-shells, in the same animals. Following are data on 
233 tortoise-shells e’Bc'c’PFF from matings that could not produce any other c 
genotype except the easily recognized intense black-red (C) or albino (c‘c*). 
Most of them are from the experiments on extreme dilution since tortoise-shells 
were avoided in the main experiments. 


233 tortoise-shells 1949 norm 
Av. S.D. Av. S.D. 
Sepia 12.36 1.37 14.5 1.1 
Yellow 3.05 0.78 4.2 0.6 
r +.586 + .043 


It may be noted that the means of both sepia and yellow are far below those 
in the main experiment. The correlation would undoubtedly have been higher 
if a larger number of tortoise-shells of typical intensity for c’c’ had been included. 
It would also probably have been higher if more accurate grades had been used. 
in 29 of them in fact, galvanometer readings of intensity of both sepia and yellow 
were taken by means of a reflection meter. The correlation between suitable 
functions of these readings was +.72 + .09. There is a similar relation in browns. 

The aberrantly light pale sepias (pp) came largely from unrelated matings. 
The pink-eyed sepias with gene C that did segregate from matings that were pro- 
ducing exceptionally dilute yellows and dark-eyed sepias were of typical intensity 
(mean grade of 33 from such matings, 10.7 = .16, in comparison with 9.7 from 


Table 1). 


TABLE 1 


Average empirical grades and standard deviations of indicated genotypes as presented in a 
1 2 I 1 grad 1 standard deviat licated genoty ted 
previous paper (Wright 1949) 





Black Pale Dark Pale Brownish Stable Fading 
dark sepia sepia brown brown cream vellow yellow 
EBP(F ff EBpplF E bb PCF ff E bb ppFF E(B.bb pp ff ee(B.b:P.p)FF  ece(Bb;P.p)ff 
Av. S.D Av. S.D Av. S.D Av. S.D. Av. §S.D. Av. §.D. Av. S.D 
Cc 20.9 0.3 97 18 15.3 0.9 8.0 09 2.3 06 10.6 0.7 6.8 0.6 
ckch 20.1 0.6 9.0 1.0 15.0 0.9 2 O86 0.0 0.0 7.0 0.3 1.9 05 
cked 195 0.5 7.4 1.2 15.4 1.1 6.0 0.7 0.0 0.0 7.2 04 23 05 
cket 20.5 0.6 Gr 83 oY i 5.9 1.0 ie aia 4.8 0.6 he - 
chee 18.9 0.6 52 1.4 14.1 0.9 Sf 12 0.0 0.0 4.7 0.8 0.3 0.5 
cic 18.1 1.0 or 33 14.2 0.9 5.4 1.4 0.0 0.0 6.9 0.5 21 69 
cle! 18.7 1.2 3.4 1.0 0 «63.3 3.7 0.4 be = 4.1 0.7 0.2 0.4 
cict 14.5 1.1 27 08 12.4 0.9 27 1.0 0.0 0.0 4.2 0.6 0.3 0.4 
c'c’ 95 1.1 2.4 1.0 14.9 1.1 2.7 09 0.0 0.0 0.0 0.0 0.0 0.0 
c'ct 160 17 0.7 0.6 25. 1.) 1.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 


c%c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 








| 
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Segregation of intensities of yellow with a given c genotype 


The grade of yellow of any genotype becomes uniform to the eye under close 
inbreeding. Any young from inbred strain No. 35 (e’e’c*c'FF) (Wricut 1922) 
could be used as the standard for grade 7 as long as this strain was on hand. Simi- 
larly, ones from strain No. 2 (e’e"CCFF) could be used as standard for grade 10 
and ones from strain No. 32 (also e’e”CCFF but with plus modifiers) were stand- 
ard for grade 13. 

In the color experiments, there were many matings between homozygous 
dilutes (c*c? < c4c", ckc* x c*c*) with offspring that showed no apparent variation 
in the intensity of yellow within litters. In some of these all of the young of all 
litters were assigned grade 7, in others all were assigned grade 6, but often, some 
whole litters were assigned one grade and other litters another, e.g. grades 7 and 
8 or grades 6 and 7. These progenies can not be interpreted as segregating. In 
grading litters. the grades assigned to previous litters were not looked up. As a 
unit difference is just perceptible to the eye by definition, litters from matings 
characterized by a grade between 7 and 8, and no appreciable variability, might 
be graded 7 in some cases, 8 in others merely by accident of subjective judgment, 
and similarly at lower levels. 

The situation was similar in the case of matings that produced only a single 
heterozygous type, c*c’, c*c’, c’c’ or c’c’. There were many cases in which there 
was no recognizable variability within or among litters, all litters being of grade 
5, all of grade 4 or all of grade 3, but also many cases in which some litters were 
graded 5, others 6, or some 4, others 5, or some 3, others 4. 

Where there was segregation of c alleles, there was usually no doubt about the 
assignment of c genotypes because of the high correlation between the grades of 
the homozygotes and heterozygotes, especially within litters. 

Many of the matings also produced sepias either as self sepias or in tortoise- 
shells to which both sepia and yellow grades were assigned. While the sepia 
grades in these cases showed less uniformity within litters than the yellows, they 
alsc showed increased variability between litters. 

It was evident in inbred clusters of matings that these differences among the 
mean grades of progenies were hereditary. Since all of those referred to above 
are “dilute” in comparison with intense “red” or “black” it will be convenient 
to describe the differences considered here in terms of diminution: diminished 
as opposed to normal or undiminished. The grades of diminution referred to above 
will be referred to as moderate in contrast with extreme diminution taken up 
later. 

In marked contrast to the types of progeny considered above were many 
progenies in which there was obvious segregation of grades of yellow of a given 
c genotype within litters. We find such records as (667) (6677) (666677) in 
three successive litters in which all young were c‘c*, and (34) (334) (344) 
(3334) (4) (335) in six successive litters in which all young were c‘c*. There 
was rarely any doubt as to whether a mating that produced yellows was of the 
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nonsegregating or segregating type. The situation was similar with respect to 
sepias but with more frequent ambiguity because of the variability within litters 
even where the yellow grades indicated homogeneity. 

Consideration of clusters of matings which included apparent segregation of 
normality and moderate diminution indicated a unit difference in most cases. 
Moderate diminution often appeared to segregate out as if recessive. There were, 
however, cases in which higher grades segregated from lower within litters as if 
the lower grade were dominant. Making allowance for the subjective errors in 
the absolute grades of different litters. it is possible to interpret the results in most 
clusters on the basis of a pair of alleles with intermediate heterozygotes. On the 
other hand, there were some cases in which normal dilutes, breeding as such, 
traced to diminished ancestors in such a way as to indicate the presence of more 
than one locus with this effect. 

Some of these same matings of moderately diminished parents produced dim- 
inution of a more extreme sort: yellows, cc’, of grade 5 or even 4, and creams 
known to be c’c*, cc’, cc’ or cc’ of grade 2 or 1. Many matings were made be- 
tween such extreme types in the attempt to produce true breeding strains. These 
would be expected to be homozygous diminished if they were merely extreme 
variants of the moderately diminished type but they always produced strongly 
segregating progenies. In some cases, normals, breeding as such. were derived in 
two generations from ancestors that were all extreme. 


Anomalous whites 


The clue to a fuller understanding of these variations in intensity came in the 
recognition that a hitherto unrecognized phenotypic class tended to appear when- 
ever there was selection for extreme dilution. These were anomalous self whites 
or near-whites. They were overlooked for some time because of the possibility in 
many cases of interpretation in terms of known genes. Thus black-eyed whites 
might be interpreted as extreme piebald (ss) in progenies in which ss was segre- 
gating. 

Self white as the extreme of spotting has, however, been uncommon in this 
stock except in an inbred strain (No. 13) characterized by the highest median 
percentage of white (97.8 percent) in its spotting pattern of any strain. It pro- 
duced 24 percent self whites while strain No. 2 with a somewhat lower median, 
93.8 percent, produced only three percent self whites (Wricut and Case 1936). 
Cases accumulated, moreover, in which this explanation was untenable because 
of the absence of spotting of any grade. 

It also became clear that the eyes of the anomalous whites gave a dark red re- 
flection more easily than those of black-eyed litter mates. This suggested that they 
might be red-eyed whites of genotype eeBc'c'’P. This genotype was in fact pro- 
duced by many matings of the extreme dilution experiments but suitable tests 
soon showed that c’ was in fact absent from many other matings in which whites 
with dark red eyes were appearing. Neither of these explanations could account 
for cases in which such whites had small spots of very pale color on one or both 
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cheeks, overlooked in several of them until long after birth. A number of early 
breeding tests of these were frustrated by failure to produce any young. 

In the early experiments on extreme dilution, there were 19 matings that pro- 
duced whites or near-whites, 37 in number (in a total of 196 young) that could 
not be explained as of any hitherto known genotype. There were undoubtedly 
others that were producing this genotype but also producing red-eyed whites 
(eec'c’P), albinos, or extreme piebalds. from which it could not be distinguished 
with certainty. In seven of the above 19 matings, the anomalous near-whites 
could be distinguished but not the self whites. If one considers only the progenies 
in which the self whites as well as the near-whites must have been of this new 
genotype, there were 27 among 96 young. One of these produced 8 in 22, the 
others only one to three each. It appeared probable that, in some cases at least, 
those whites were segregating in a Mendelian 25 percent. 

As noted in the preceding paper (Wricut 1959). what appeared to be the same 
type segregated from four matings of silvered black-red tortoise-shells from a 
cross of the pure silvered strain Ro with silvers from matings (LF) in which 
anomalous whites had appeared. 

The new type was first definitely accepted as such in the progeny of a mating, 
1.254, between unspotted pale yellows of grade 3 (eec’c’Pp), not included above. 
This mating produced two dark-eyed near-whites and seven dark-eyed self whites 
among 22 dark-eyed young. There were also five pink-eyed yellows (eec‘c*pp and 
eec'c"pp) and nine pink-eyed whites, the latter largely, no doubt, c*c’, but pos- 
sibly including anomalous pink-eyed whites. The self yellows included six of 
grade 5, two of grade 4, eight of grade 3, and one of grade 2, all below the typical 
grades for c‘c’ and c’c’. One of the anomalous whites had a small pale yellow spot 
of grade 3 back of the right eye. Another appeared at birth to have a trace of very 
pale yellow (grade 1) on the head, which was verified later. 

Descendants of this mating were inbred to the seventh generation (119 young). 
A much larger number (some 1300) were derived from a cross between it and a 
mating (L263), between a pale yellow of grade 2 from L254 and a sepia 14- 
yellow 4 torto:se-shell. The latter was considered to be typical of e’eBBctc*F FPP 
but probably was heterozygous for a diminution factor since many of the prog. 
eny were unexpectedly light. This mating produced no anomalous whites, how- 
ever, and the same was true of four brother-sister matings made from it. Many 
appeared in later generations and also among some 2000 descendants of out- 
crosses. 


Association of two kinds of diminution with anomalous whites 


Two different types of moderate diminution ultimately became fixed in differ- 
ent lines within this group. A clear case of one of these was in the line of inbreed- 
ing from L254 referred to above. A brother-sister mating (L282) between a yel- 
low 5 (c’c’) and a yellow 3 (c‘c*)produced only four young (two of grade 3 
(c’c") and two of grade 5 (c’c’) ). The latter were mated (L298) to give a prog- 
eny consisting of seven self yellows of grade 6, 17 self yellows of grade 5, of 
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which at least four had such light bellies as to suggest silvering. and eight white 
or near-white. The six near-whites all had spots of much paler yellow (grade 3) 
than any of the self yellows, on one or both cheeks (two on right cheek only, two 
on left cheek only, and two on both). This progeny with exactly 75 percent self 
yellow of grades 5 or 6 and 25 percent self white or near-white with yellow head 
spots of grade 3 gives an unusually uncomplicated illustration of segregation of 
the new genotype from extreme diminished parents. 

The gene for silvering (si) had not been suspected in the ancestry and neither 
parent in L298 had an especially light belly. It became clear in the next genera- 
tion of brother-sister mating (W1) between a yellow 5 (c’c’) and a yellow 6 
(c’c’), neither apparently silvered, that silver was indeed being transmitted. Two 
of the 14 self yellow young, (five of grade 5, eight of grade 6, one of grade 7), 
were strongly silvered on the back, and others had light bellies. In addition there 
were two near-whites (small head spot of grade 3 on each) and one self white. A 
brother-sister mating in the next generation (W8, yellow 5 x yellow 6, neither 
silvered) and two brother-sister matings from this (W30. both yellow 6; W33 
both yellow 6, the dam strongly silvered) produced 23 yellow young which 
ranged from extreme diminished to fully typical in intensity (two (5), 16 (6), 
four (7), one (8) ) of which four were considered to be strongly silvered and some 
half dozen others had bellies lighter than typical. None of these produced anoma- 
lous whites. A mating, W38, between two strongly silvered yellows of grade 6, 
one from W230, the other from W33, produced 15 yellow young (five (5), nine 
(6). one (7)) of which all but five of grade 6 were considered to be strongly 
silvered. Of these five, four were judged to have slightly light bellies, but one of 
grade 6 lacked even this indication of silvering. Breeding tests of one with a slight- 
ly light belly from this mating and a similar one from W33, by mating with 
strongly silvered black-reds from strain Ro, produced seven and five young re- 
spectively, all strongly silvered black-reds. The yellow parents thus were sisi in 
spite of the absence of actual silvering. None of the preceding four matings pro- 
duced any anomalous whites among the 38 young. A brother-sister mating 
(W44) between two strongly silvered yellows of grade 5 from W38, on the other 
hand, produced an anomalous near-white (yellow 4 on nose) and two yellows 
of grade 6 with nearly white bellies and some irregular lightness on the back, like 
the others considered to be strongly silvered yellows. There is little doubt that 
matings W38 and W44 were both of type sisi < sisi and all of the others either 
sisi X Sisi or Sisi X Sisi but that the effect of sisi in these yellows (all eec’c’) was 
manifested more in diminution of intensity especially of the belly. than in actual 
silvering. 

Diminution was not due wholly to effect of sisi, however. The same yellow 6 
male as in W8 was mated (W32) with a yellow female, grade 5, whose father 
was also a yellow 6 from W1. mother a yellow 3 (c’c’) from the strain from L254 
x L263). The 27 offspring. all yellow, consisted of 10 of grade 5, 15 of grade 6, 
and two of grade 7 of which only four were considered to have somewhat light 
bellies, but none so light as to indicate silvering. A male from the progeny (yel- 
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low 5) was mated back to the dam and produced eight young (one (4), three (5), 
three (6), one (7) ), none silvered though two had somewhat light bellies. These 
two matings produced no anomalous whites. 

Moderately diminished yellow not associated with silvering is shown more 
clearly in several lines derived from the crossbred group from L254 x L263. 
Thus one cluster of four matings of which three traced through one or two 
brother-sister matings to the first, included 84 young, all c‘c’, of which 66 were 
of yellow grade 6 and eight of yellow grade 7 (ten with no yellow grade). None 
of these were recorded as having light bellies or any other distinctive indication of 
silvering. There were other clusters of matings that gave similar progenies. A 
cluster of six matings (YDL-1 and descendants) one called yellow 6 x yellow 7. 
the others all yellow 6 x yellow 6, produced one grade 5, 89 of grade 6, no anoma- 
lous whites and no distinctive suggestion of silvering in any case. 

Further evidence for two kinds of diminution of color below the norm for the 
c genotype comes from breeding tests that have been made of 29 diminished with 
no overt silvering. by matings with strong silvers. Eight were clearly SiSi, 13 
clearly Sisi, and eight probably sisi. Unfortunately, four of the latter are doubtful 
because of small number of offspring or the occurrence of overlaps. The best es- 
tablished were two yellows of grade 6, both cc’, a pale yellow of grade 2 (c‘c*) 
and a sepia 10-yellow 2 (c‘c’). Of the doubtful ones, one was a yellow grade 5 
(c’c"), two yellows of grade 2 (c‘c’) and one sepia 10-yellow 2 (c‘c’). Some of 
these were described as having very light bellies but none as clearly silvered. 
The grades of those shown to be SiSi or Sisi were rather similar (c“c’) sepia grades 
15 to 18, c’c* and c’c" sepia grades 10 to 13, c’c’ yellow, all grade 6, cc’. c*c’, 
c'c’. c'c* all yellow of grade 3 except one grade 2 and one grade 4. 

The gene diminished (dm): Seven matings were made between typical yellows 
(grade 7) (from a cluster that produced 34 of grade 7 and four of grade 8) and 
diminished yellows from the YDL-1 group above (grade 6). Three of these 
matings produced 29 young. all of grade 7, suggesting dominance of the higher 
grade, but the other four produced 11 of grade 6 in addition to 27 of grade 7. It 
is possible that the more intense parent was heterozygous, Sisi, in some of these 
cases. More accurate grades. based on reflection meter readings, indicate, how- 
ever, that F, was really intermediate in all cases. The difference between visual 
grades 6 and 7 is too small for accurate judgments of dominance. 

Nine backcrosses of F, yellow, grade 7, to diminished yellows grade 6 (of the 
same strain as used to produce F,) gave 22 yellow-6 and 37 yellow-7 (no indica- 
tion of silvering). The persistence of at least 50 percent of the F, type tends to 
indicate segregation at a single locus in these progeny which are descended 75 
percent from the strain for which grade 6 is characteristic. We assume provision- 
ally the existence of a gene dm (diminished) which reduces yellow of c‘c’FF 
from a strong grade 7 in DmDm to a weaker grade 7 in Dmdm and typically 6 in 
dmdm. Comparison of the sepia in clusters judged to be wholly dmdm by grade 
of yellow with that in typical EBc’c’PDmDm indicates that the typical grades 
18 or 19 are reduced to 16 or 17 in dmdm. 
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Matings in which there is segregation of yellows of c genotypes c‘c’ or c’c* 
indicate that “diminished” reduces the typical grade (a weak 5) to about grade 
3. These do not show the light bellies often associated with similar diminution of 
color in these c genotypes by sisi (Wricut 1959). Similarly this type of dilution 
reduces sepia of c genotypes c‘c" from typical 15-16 to 12-13. In c’c* the grades 
are about one unit higher. 

The effect of dmdm differs markedly from that of sisi in not affecting intense 
black or yellow (C) which are usually strongly silvered by sisi and, at least in 
the latter, diluted. This may be illustrated by a mating (LC-29) between an 
unsilvered dilute yellow of grade 6. eec’c’SiSidmdm by ancestry, and an un- 
silvered intense yellow (grade 10), eeCc*SiSidmdm also by ancestry. These pro- 
duced 14 intense yellows of grade 10, three of grade 9 (the latter all in one litter) 
and 11 pale yellows all of grade 3 except for one called 2 and one called 4. There 
was no appreciable diminution of the intense yellows (Cc’dmdm). They were 
indeed unusually intense on the average by the reflection meter readings. The 
marked reduction from the typical intensity of c’c’dmdm yellows was accom- 
panied in only one case by a slightly greater than usual reduction on the belly. 


The parents of anomalous whites 


The characteristics of the parents of the anomalous whites must be taken into 
account in drawing conclusions on their genetics. Tables 2 and 3 show by c geno- 
types the grades of sepia and yellow respectively of all mated individuals that 
have produced this type and have grades. Tortoise-shells are entered under both 
their sepia and yellow grades. The average grades in the colony are repeated from 
Table 1 for comparison. As already noted, it is now apparent that some of these 
averages, especially those for genotypes involving c“, are too low to be typical for 
genotypes that lack diminution factors since it has become clear that one of these 


TABLE 2 


Sepia (or brown) grades of parents of anomalous whites. No grades were assigned to silvered 
black in seven cases (six tortoise-shells) and a silvered red-eyed dark sepia (c"c" sisi). 
Two pale sepias (E, e? B c'c* pp) of grades 2 and 3 (1949 norm 2.7) 
are not entered 





Total 1949 


AW 10 11 12 13 14 15 16 17 18 19 20 21 Excl. AW) Mean Norm 
th Aut ee ee ee a an ee ; 3 20.0 20.9 
C sisi Ss ROR at ho ce ee ee ee “SE 10 21.0 ae 
ckea ee es ee ee ee. eee : 2 17.5 18.9 
cic Sah wt hee Oe Do Gl A So Ee es ; 1 14.0 18.1 
cler ee ae ee ee Se Rw . + 16.7 18.7 
clea ae eee we og “GI gee Se es ; 16 11.0 14.5 
c'c! sisi eS Oe ee ee ee ee ee eee, SS 1 ats Mea 
c'c# a eg ee ee : 6 11.2 15.0 
clc* bb 2 2 10.0 12.4 
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TABLE 3 


Yellow grades of parents of anomalous whites. No grades were assigned to yellow in seven 
intense silvered tortoise-shells 











1949 
1 2 3 + 5) 6 7 8 9 10 Y? Total Mean Norm 
e ¢ ; ; : ; , : ; 1 1 : 2 9.5 10.6 
C sisi ; . : ; ; : 1 5 1 1 (7) 15 8.2 cee 
CF : : < : 3 : 2 2 7.0 6.8 
ckck - ; : ’ 3 1 1 6.0 7.0 
cker F ‘ 1 : 1 3.0 4.8 
ckea ; 1 3 1 : § 3.0 4.7 
ccd , ‘ ‘ 1 5 1 7 5.0 6.9 
clc4 sisi ; P 1 1 : 7 4.9 3 
cder : 4 9 . 13 2.7 4.1 
clea . 2a Fg 34 2.7 4.2 





(dm) was much more frequent in this main series of color experiments than had 
been suspected. 

The data point in two directions. With respect to intense black parents (BCP). 
it may be noted that ten showed overt silvering and only three did not, apart from 
two that were anomalous whites themselves. Of the three unsilvered, two were 
known to be heterozygous, Sisi, because of a silvered parent or offspring and the 
other came from a mating of type Sisi X Sisi. With respect to intense yellow 
parents (CFF), 15 were overt silver and only two not, but both of these came from 
Sisi < Sisi. Allowing for eight tortoise-shells, there were 24 C-parents, of which 
17 were silvers (sisi), two definitely Sisi, and three may well have been Sisi as 
coming from Sisi X Sisi, and two were anomalous whites. 

The suggestion that anomalous whites are modified silvers, sisi, is unavoidable, 
as silvering was not common in the colony outside of strain Ro and derivatives, 
which were the source of only six of the above 17 silver parents. 

Among parents, with lower c alleles, however, relatively few were overt silvers. 
There was one c’c’ silvered black from sisi X sisi among 30 with sepia grades, 
and seven c%c* silvered yellows among 68 with yellow grades, or eight silvers 
among 80 parents, allowing for 18 tortoise-shells. In addition, six c‘c*, three c‘c’, 
seven c’c* and one c’c’ are known by a silver parent or offspring to carry si. Thus 
the parents (L350) of two anomalous whites, which at the time were not known 
to have silver ancestry, were tested by mating with silvered black-reds from strain 
Ro. The male, a pale yellow of grade 2 (c%c*) turned out to be sisi, and the female, 
sepia 11-cream 3 (c‘4c*), turned out to be Sisi. The 55 in which presence or absence 
of si was unknown from appearance of sisi in a parent or offspring, were all 
closely related to silvers and there were none which can be asserted to be SiSi. 
There were also two parents, with lower c alleles, that were anomalous whites 
themselves. 

On examining the sepia and yellow grades of the dilute parents of anomalous 
whites it may be seen that all of the yellow grades (except perhaps two c‘c* of 
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yellow grade 4) and all of the sepia grades of c‘c* and c'c* are below, and most of 
them far below the 1949 averages for their genotypes. To some extent this merely 
reflects the fact that anomalous whites have appeared only in experiment on 
extreme dilution (apart from ten from RoLF) but this is not the full explanation 
since many of the matings in these experiments involved typical grades. There 
is, in short, a strong implication that genes making for extreme dilution must be 
received from both parents to produce anomalous whites. 

The complete absence of overt silvering among the many c‘c* parents is some- 
what disconcerting. It has. however, been brought out earlier and in the preceding 
paper (Wricut 1959) that overt silvering is almost completely suppressed both 
in sepias and yellows of this genotype unless there is an accumulation of modi- 
fiers for very strong silvering as in derivatives of strain Ro. There is instead a 
uniform, moderate diminution of color on the back and a more extreme diminu- 
tion on the belly. 

There were two dilute browns, (e’bbc‘c’P), among the parents of anomalous 
whites. both of grade 10, which is less than the 1949 average, 12.4. There were 
two fading yellows (eeCff of grade 7) which gave no indication of any diminution 
of color below the norm, 6.8. There were two pink-eyed pale sepias Ee’Bc‘c" of 
grades 2 and 3 which also gave no indication of excess diminution of color (1949 
norm 2.7). Finally there were 22 albinos (c‘c*’) and four red-eyed whites 
(eeBc'c’P). One of the albinos was certainly and two probably Sisi by test. All of 
the animals above were related to ones known to transmit si and none were 
known to be SiSi. 


Anomalous white as diminished silver (sisidmdm) 


A considerable number of anomalous whites were mated with silvers but none 
of the males produced any young and the females few. One such female (from 
L298). however, produced 11 offspring, all silvered. Another produced four and 
two others three each, all silvered. One of them, in a mating with a brother (c‘c", 
pale yellow, grade 2), produced two anomalous whites. and no other classifiable 
young. As far as they go, these direct tests confirm the view that anomalous 
whites are sisi. 

Their appearance is more in harmony with this interpretation than was realized 
until outcrosses and selection of silvered black-reds (strain RoXR, Wricur 1959) 
produced extreme silvers which bridged the phenotypic gap between the pre- 
viously observed strong silvers with mere sprinkling of white over the back, 
nearly white belly, unsilvered head and feet, and the near-whites and whites from 
the experiments on extreme dilution. The three most extreme silvers in RoXR 
(grade 12) were like the anomalous near-whites in restriction of color to spots on 
the head and diminished intensity and silvering of these spots. The anomalous 
whites may be considered as silvers in which blotching has reduced color to small 
spots on the head (and rarely a few colored hairs on the back) and in which silver- 
ing and diminution are extended to these head spots. The anomalous white males 
differ from the extreme silvered males of RoXR in being sterile. 
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While it seems clear the anomalous whites are sisi, the modifier or modifiers 
that make them extreme seem to have no relation to those in RoXR. The diminu- 
tion of intensity of color of their parents, below that expected from their c geno- 
types can be due only in part to the effect of sisi since it occurs where this parent 
is Sisi and exceeds that due to sisi alone when this parent is sisi. The extraction 
of another type of diminution (dmdm), not associated with a silvering effect, 
from the lines that produce anomalous whites suggests that the genotype of the 
latter is stsidmdm. 


Analysis of a large network of matings 


A systematic attempt was made to test whether the data from the large, rather 
tightly knit group descended from L254 and L263, and outcrosses is consistent 
with this interpretation. After considerable experimentation the following rough 
norms were set up for the effects of si and dm in sepia and yellow in the c geno- 
types of most importance in the above group of matings (Table 4). 

In this scheme, the same diminution effect is attributed to si and dm. This must 
be qualified in the case of eeC- in which silvering (sisi++) has seemed to be 
clearly associated with reduction from yellow of grade 10 or more to about grade 
9 while genotype ++dmdm is apparently not associated with any diminution. 
These grades refer to the dorsal color. Ventrally, si seems to be associated with a 
greater reduction of intensity than dm. Finally si tends to be associated with 
sprinkling with white hairs in the higher c genotypes (C and usually c’c’) while 
no effect of this sort whatever can be attributed to dm. Indeed there is no evidence 
that dm behaves as a modifier that extends silvering in the narrow sense except 
in sisidmdm. 

It is not likely that the effects of si and dm are really identical for lower c 
alleles. An initial attempt, however, to interpret si as having a more extreme 
diminution effect than dm throughout, based on particular cases, broke down. 
An attempt to interpret +si+dm as more intense than sisi++ or ++dmdm (i.e. 


TABLE 4 


Postulated typical grades of si-dm genotypes in sepias and yellows in most frequent c- genotypes 








Sepia Yellow 
EC. E-dted Ecte Ect el ent «aa cele?) 

rer er are 21 18-19 15-16 16-17. 10 8 5 
++-+dm ) = - Pas s 

Seek A. ( | 17-18 14-15 15-16 10 7 + 
+-+dmdm 

+-si+dm 21 16-17 12-13 13-14 10 6 3 
sisi ++ ] (9) 

+ sidmdm } 00 14-15 10-11 11-12 9 5 ) 
sisit+dm a % ; 7 
sisi dmdm 0 0 0 0 0 0 0 
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to interpret st and dm as more nearly recessive than dominant) also broke down. 
The evidence on sisi++ from the above group of matings is not very extensive. 
There is some reason from other matings referred to in the preceding paper 
(Wricurt 1959) to consider that this actually has slightly less diminution effect 
than ++dmdm. The hypothesis of equal diminution effects here, however, 
seemed to be an adequate first approximation for analysis of these data. 

There were indications that the effects on c* genotypes are similar but slightly 
less than on c‘ genotypes. There were also indications of effects on brown, parallel 
to those on sepia (little or no diminution with C, appreciably more with lower c 
alleles). In the pale sepias, there was no evidence of any effect in the presence of 
C except for silvering of sisi. There were probably effects in the presence of lower 
c alleles, but the evidence was very scanty. 

The attempt was made to assign a formula to every mating in this group of 
matings on the basis of (1) the possibilities provided by the formulae of the 
parental matings. (2) the grades of the mated individuals, (3) the general level 
of intensity of the progeny. (4) the indications of segregation in intensity in the 
progeny, (5) the occurrence and frequency of anomalous whites in the progeny 
and finally (6), the results of all breeding tests of offspring. Especial weight was 
given in (2), (3), and (4) to grades obtained by reflection meter readings of some 
1,500 young in these experiments which are not discussed in this paper. In the 
end, as a result of (1) and (6), the formulae throughout the entire network of 
matings form a self-consistent set. 

No doubt errors have been made in these assignments, especially in matings 
with small number of offspring and few or no breeding tests of the latter. Such 
cases are relatively unimportant. There was usually no choice in the case of the 
key matings with many offspring and several of these mated. Analysis of the 
reflection meter grades will be made elsewhere. 

The important point here is that it proved possible at all to obtain a consistent 
interpretation of this entire network of matings without doing serious violence to 
the observed grades at any point. 


Segregation of anomalous whites 

The only cases in which there is sufficient phenotypic discontinuity to permit 
clear-cut Mendelian ratios are those in which sisidmdm segregates from other 
genotypes. There are nine possible types of mating with respect to si and dm 
from which such segregation is expected (combining reciprocal types and assum- 
ing that s’sidmdm males are sterile, a matter discussed in detail later). 

There were 59 matings in the cluster in which genotypes were assigned, that 
were capable of producing sisidmdm. These include 17 which did not have any 
offspring that were certainly of this genotype. The offspring of each mating, 
excluding one discussed later, were classified into the following categories. using 
c* for ac allele other than c*. 


(1) Dark eyed (c’-P-) from matings incapable of producing eec’c"’P. 
(2) Pink eyed (c’-pp) from matings incapable of producing c’c". 
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(3) Pink-eyed white (c‘c’P-) from matings incapable of producing pp. 
(4) Pink eyed from matings capable of producing both c’c* and pp. 


Those from (1), (2) and (4) that are neither white nor near-white are con- 
sidered as not sisidmdm. In categories (1) and (2), whites and near-whites are 
considered to be sisidmdm. There is a possibility of confusion from high grade 
spotting due to ss which segregated out in a few matings. It is believed that errors 
of classification of near-whites were avoided by taking account of size and inten- 
sity of the head spots. It is not likely that there were any errors from the rare 
occurrence of self white due to ss. Category (3) cannot be classified as sisidmdm 
or not, by appearance. One albino male (mating type 8) was, however, un- 
doubtedly c‘c*sisidmdm (very small testes). Another (mating type 5) was prob- 
ably of this genotype (sterile in seven months of mating after maturity). In 
category 4, pink-eyed near-whites are definitely c’-ppsisidmdm but pink-eyed 
self whites of this genotype cannot be distinguished by appearance from albinos 
(c’c") which may or may not be c*c*sisidmdm. One self white male was un- 
doubtedly sistdmdm (very small testes) and two others (mating types 3 and 8 
were sterile in matings of three and six months duration respectively. The ex- 
pected numbers of c*-ppsisidmdm and of albinos were calculated for each mating 
but no attempt was made to apportion the former between near-white and white. 

Genotypes c’c’ and c’c’ segregated from several matings but there was only 
one (L358, mating type 5) in which ee also segregated out making possible red- 
eyed white of genotype eec’c’PP which might be mistaken for anomalous white. 
This mating (e’ec'c’PP X e’ec’c’P-) produced 13 definitely not near-white or 
white, two definitely near-white (sisidmdm) and seven dark eyed whites (four 
born dead) which cannot be classified with respect to sisidmdm. This mating is 
excluded from Tables 5 and 6. 

Table 5 gives a summary of the offspring of the 58 matings, according to mat- 
ing type and the above phenotypic and genotypic categories. There are no im- 
portant deviations from expectation, if the near-whites and self whites of columns 
9 and 10 are combined. (x?=17.7, n=26 on grouping entries that are unduly 


4 
small) From the grand totals it appears that only about 23 percent ( =T69? of 


c’-ppsisidmdm (column 9 expected) are near-white (column 9 observed) in prog- 
enies in which those that are self white are indistinguishable from albinos and 
thus are included in column 10. 

Table 6 gives a summary by expected ratio, restricted to the categories 1 and 2 
combined, in which all whites and near-whites can be attributed with confidence 
to sisidmdm. Agreement is good (,?=2.8,n=4). 

This agreement is favored to some extent by circular reasoning since ratio was 
taken into account in assigning formulae. It was, however, only one of the six 
things that were taken into account, as has been noted. The important point is 
that the data can be interpreted consistently with the theory in this matter as 
well as in all others. 
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TABLE 6 


Summary of data in columns 4 to 7, Table 5, combining young from categories in which 
classification as definitely sisi dmdm or not is possible. Expected values based 
on totals for these categories 








Mating Expected Not sisi dmdm sisi dmdm 
type Not AW: AW Obs Exp. Obs. Exp Total 
(1) (2) 1:1 11 9.0 7 9.0 18 
(3) (4) (5) 3:1 226 228.0 78 76.0 304 
(7) (8) 7:1 105 105.9 16 15.1 121 
(9) 15:1 74+ 71.2 2 4.8 76 
Total +16 414.1 103 104.9 519 





The colored spots of guinea pigs of genotype sisidmdm (silver-whites ) 


We begin here a more detailed consideration of the characteristics of genotype 
sisidmdm, which it will now be convenient to call “silver-white.” Tables 7 and 8 


TABLE 7 


Numbers of dark-eyed silver-whites called white at birth but spotted later W’, of others white at 
birth (W). and numbers and grades of sepia and yellow spots at birth. R indicates red- 
eyed segregant, c'c*, A from matings from which self whites must be sisidmdm. 

B from matings in which self whites need not be sisidmdm and are not 
entered. One with a tortoise-shell spot is indicated by an 


asterisk 








White Sepia Yellow Total 
‘ \ W No Grade No Grade B 
3s ‘ 1 (17) 3 (7.7.8) 3 1 
Cf rot 1 (4) 1 
ckea a /% -) &.) Cxsoenee 1 (2) 2 
clea 25 } (4,5.7,10) 1 (1) 29 1 
crc 1 1 t) ie 1 1 
1C:1c%c* 1 9 Re ee 1 (8) 2 
1C:1c%4 2 (heeeee Cs) es Peer 2 
t 2C: 1c4%c4: 144 3 1 Ce Se De eae + 
2C:1c4%e": 1044 1 1 2 (5,11) = + ; 
; 2C: 1e%4% 2 3 (8,14,15* ) 2 (6,7*) + 2 
1C:1c4c4 1 2 (14,14) 1 (3) + 
ickck: 1ckea | a eee 1 
Ickck:2ckea a nk. . SateeaNe 3 (1,13) + 5 
eee sere te eee ee” > Oy eee 1 
te%cd: 1c%er:1c%c4:10%" 2 Ce a a ate 2 
1c4c4: 14% 3 Be! 1 (3) 
1cdc4; Qedea 15 1 (8) 3 (2,3,4) 22 
ic’c’:2c'c 2 8 (2,2,3,7, 
7,8.8,11) 10 
A 57 | Pe Saekes 96 : 
B ee) eae ee oe 9 
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TABLE 8 


Numbers and grades of pink-eyed silver-whites. Otherwise as in Table 13. One with a 
tortoise-shell spot is indicated by an asterisk 





White Sepia Yellow Potal 
Ww Ww’ No Grade No Grade A B 
ec" . ; s+ erat 1 (2) ; 1 
clcd 3 : : Seaase 8 (3,3%.3.3, 
3.3.3.4) 11 
cle! 10 1 : Cee ee 2 (1,1) 13 
clea : 1 ‘ ee me © 1 (2) 2 
1C:1c%ca ii oie ice Ser St 1 
1C:1c%4c4 2 2) eS eee 1 (6) 4 
2C: 1044: 1c4c4 1 ; + “shetty ~ 9 \eSieres. 1 
2C:1c4e": 144 2 1 se any eles 1 (8) + 
a ty a SS gs ee et 1 3) 1 
104c4:1¢%¢7 1 1 (1) 2 : 
1c94c4:2cder ; ; 0 + ae 5 (1,2,2.2.2,) 5 
ok Sn ee 2 (2,2) - 
Ic4c4:Qctera 2 ; 1 (2*) 1 (2*) I 
le"c":2c'c4 : 1 1 
A 20 3 fA ghana ahs - error re 36 : 
B 2 ot.) we eke ) hr ee , 13 





give a classification by possible c genotype and grade of all recognized silver- 
whites (dark-eyed (P) in Table 7, pink-eyed (pp) in Table 8). Those that were 
self-white as far as observed are called W. These are entered only from matings 
(A) that could produce no other genotype that could be confused with sisidmdm. 
Those that were recorded as white at birth but on which very pale cream (in two 
cases with a few sepia hairs) was observed later on the cheeks, are called W’ and 
are entered both for matings of type A and also from the other matings (B). 
Many of those called W were born dead or died soon after birth. 

In many cases ¢ genotypes can be definitely assigned from the nature of the 
mating. In a larger number, however, there was segregation of the two or more 
c genotypes, and the genotype can only be inferred from the intensity of the head 
spots if any. The self-whites can only be apportioned on the basis of expected 
ratios. 

We note first that the head spots of known C’s may be of sepia grade 17 and 
yellow of grade 7 or 8. It may also be seen that several yellows of grades 6 to 8 
are found where C is expected (both among dark-eyed and pink-eyed young ), but 
none above grade 4 otherwise. The highest grade of sepia assigned any possible 
C segregant is 19. A tortoise-shell, sepia 15-yellow 7, indicates that the grade of 
C-sisidmdm may be at least as low as 15. Grade 14 occurs where c’*c“ is the only 
other c genotype than C, and in view of other data may be assigned the latter. 
We conclude that sepia head spots of C sisidmdm range from grade 14 to 19. The 
distributions for this and other genotypes are shown in Table 9. The average for 
seven believed to be C is 15.4 + 0.7. Similarly, we conclude that yellow head 
spots of C-sisidmdm range from grade 6 to 8 (irrespective of P or pp). The dis- 





GUINEA PIG COLOR INTENSITY 579 


TABLE 9 


Grades of sepia at birth in colored spots of sisidmdm. The c genotypes apportioned in 
segregating litters as described in the text 





Intensity of sepia spots 
7 8 rm) 








i & 3S & & 4 10 11 12 13 14 15 16 17 18 19 Total Mean 

By Ma ee ak am a ee I es Z 15.4+0.7 
Apd 

cle ro ae es oe eee ee es ee ae 2 12.0+1.0 
cler ee Re Bena ee 

clea ere 2 oe en Fe ee eT as he 8 6.6+0.7 
crc : ; x Sct 5) uae eee ae “aoe 3 9.0+1.0 
crct i ee Ade ae ee, *§ 4.6+0.9 





tribution for yellows is given in Table 10. The average for eight believed to be 
C is 7.12 + .30. These averages are not only much lower than expected of typical 
C (black 21, yellow 10 or 11) but also lower than in genotype C-sisiDmdm 
(black about 20. yellow about 9). 

It should be added that in all of these cases the head spots were strongly silvered 
with white hairs. The grades are intended, however, to apply to the unsilvered 
hairs. In one case. a few scattered sepia hairs were observed on the back of an 
otherwise dark-eyed white. 

Yellow in known c‘c‘sisidmdm was of grade 3 in seven cases and grade 4 in 
one. It was probably as low as grade 2 in segregating progenies. What little evi- 
dence there is on c‘c‘sisidmdm indicates grade 3 as typical for this also. The dis- 
tributions are shown in Table 10 based, in segregating progenies, on the expected 
ratios and the assumption that c’c’ and c*c* tend to be more intense than c‘c’, 
cc", cle’, and c’c’. The mean for cc*sisidmdm and c‘c‘sistdmdm combined is 
3.00 + .14. This again is not only much lower than for typical c*c* or c*c’ (about 
7) but also for c4c’Sisidmdm or c'c!sisiDmdm (about grade 5). The head spots 
in these cases appeared to be uniform pale yellow rather than silvered. 

Genotypes cc’, cc’, c’c’. and cc’ typically have yellow of about grade 5. This 
is reduced to about grade 2 as a rule when the above c genotypes are combined 
with Sisidmdm or sisiDmdm. The head spots of near-whites, sisidmdm of these 
c genotypes are assigned grades 1 or 2 with one dubious exception (grade 3 in an 
animal born dead and wet when found). The average for the 17 believed to be of 


TABLE 10 


Grades of yellow at birth in colored spots of sisidmdm. The c genotypes apportioned in 
segregating litters as described in the text 





Intensity of vellow spots 


1 2 3 } ) 6 7 8 Total Mean 
iy ‘ , , 5; ; 2 3 3 8 7.12.30 
ckck 2 ) Z 
ded Soe 15 3.00+.14 
cker 1 
ckca 2 1 x oes 
nd oa 17 1.65.15 
clea 2 7 1 
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these genotypes was 1.65 + .15. This, however, is undoubtedly too high since the 
great majority in these cases were recorded as self white at birth. We have not 
indeed included the eight probably of these genotypes which were recorded as 
self white at birth but in which very pale cream spots were observed later. 

The grades of sepia in head spots of four known c‘csisidmdm indicate a range 
of at least 4 to 10. Apportionment in segregating litters suggests four more cases, 
in this range. with average for all eight of 6.6 + 0.7. In the case of c’c*sisidmdm 
there are two known cases of grades 4 and 7. There are probably five other cases, 
ranging from 2 to 7 from three matings segregating in c’c* and c’c’. The average 
for these seven is 4.6 + 0.9. These were silvered but this could be because they 
were tortoise-shells. These averages are again far below the typical grades of 
cc" and c’c* (15 to 17) and below those for cc’ or c’c’ combined with Sisidmdm 
or sisiDmdm (about 10 to 12). 

With the apportionment indicated above for progenies segregating in c’c’ and 
c'c’, three cases of c’c’sisidmdm range from sepia grades 8 to 11 with average 
9.0 + 1.0, far below the typical grade of about 19 or 20. The average for c’c’Sisi 
dmdm and c'c’sisiDmdm are uncertain but is probably about 17 or 18. One of 
those considered c’c’sisidmdm (grade 8) was one of three silver-whites observed 
to have a few dark hairs on the back. 

There are few data on the intensity of sepia in head spots of other c genotypes. 
One of grade 13 is probably c’c’ and one of grade 11 is probably c’c’, which as in 
the other cases are far below the typical grades. 

There was only one pink-eyed silver-white with pale sepia in a head spot. This 
was a pink-eyed white with a pale sepia 2-yellow 2 spot, probably c‘c“ppsisi 
dmdm. The typical grade for c‘c“pp is about 4.7. It is notable that dilute pale 
sepia is not completely eliminated. 

There was one probable fading yellow of genotype eeC-ffsisidmdm. This was 
a near-white with a head spot of grade 4 that segregated out from a brother-sister 
mating (LF122), both parents probably eeCc’ffSisiDmdm, that produced 13 self 
or near-self yellows of grades 6 to 8 (eeCff), seven red-eyed whites (eec’c’ff) and 
the above near-white. It is remarkable that no silvered yellows (eeC-ffsisiDm-) 
were recorded but low grade silvering of yellow was often not noted at the time. 
One grandparent was certainly and the other probably Sisi. The gene dm was 
present in the ancestry but apparently produces no effect in Cff except in the 
combination Cffsisidmdm. Several other near-whites, all eeCF-sisidmdm segre- 
gated out in related matings, as well as silvered yellows eeCffsisiDm-. 

Table 11 shows the frequency of self white (at birth) and near-whites with 
sepia or yellow on the head, according to probable c genotype, among the prog- 
enies in which all self whites could be attributed to sisidmdm. It appears that 
about 52 percent of sisidmdm with C, c*c*, or c’c’ (in which yellow as well as 
sepia head spots should almost always be apparent at birth), showed such spots, 
leaving 48 percent self white. Among those of genotypes cc", c’c’, and c‘c*, in 
which pale cream head spots are hardly distinguishable at birth, only about 21 
percent were recorded as having head spots. This could mean that the frequency 
of potentially spotted areas is actually much reduced in the latter, but it is more 
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TABLE 11 


Self white (at birth), sepia spot and yellow spot among animals from matings of Type A. The 
c genotypes apportioned in segregating litters as described in the text 





io Percent 





Self Sepia Yellow with 
white spot spot Total spot 
4 8 5 6 19 57.9 
ckcek 1 0 1 2 ual 52.2 
cicd 13 1 11 25 48.0] 
ckea 4 0 3 7 42.9 
cer 12 1 3 16 =a) 21.3 
cdca 43 6 3 52 17.3 
c'cr 0 3 0 3 100.0 
c'ct 3 5 0 8 62.5 
Total 84 21 27 132 36.4 





probable, in view of the considerable proportions of surviving pure whites that 
later were found to have very pale head spots, that the percentage with potential 
spots is independent of the c genotype and that the amount of pigment developed 
in those with lower c genotypes is usually almost or quite imperceptible. 


Differential mortality 


The experiments with silver-whites were frustrated unduly often by early 
death. Table 12 shows the numbers born dead, that died before weaning, and that 
reached weaning among identifiable sisidmdm, unclassifiable self-whites and 
non-whites in all litters that contained the first. There is clearly heterogeneity 
with respect to mortality (,° = 22.7,n = 4). 

Upon comparing merely the unclassifiable whites (largely albinos) and the 
non-whites, no significant difference is found (x? = 4.4, n = 2). 


TABLE 12 


Number of identifiable silver-whites (sisidmdm), of pink-eyed white littermates (largely albinos 
c®c®, some sisidmdm), and of non silver-white littermates born dead, dying 
between birth and weaning, and raised to weaning 





Born dead Died Raised Total 





Silver-white 13 40 69 152 
Pink-eyed white 22 + 54 80 
Non silver-white 51 28 125 204 

Total 116 72 248 436 





Upon comparing those born alive with those born dead, there is no significant 
difference whether the unclassifiable whites are combined with the non-whites 
(x? = 0.5,n = 1) or omitted (,? = 0.3,n = 1). 
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On considering only those born alive a highly significant difference is found 
between those that died before weaning and those that were raised. This holds if 
the unclassifiable whites are combined with the non-whites (y?=17.9, n=1) or 
omitted (,°=10.3, n=1), 85.5 percent of the non-whites were raised of those born 
alive but only 60.7 percent of those definitely sisidmdm. It is clear that there is 
no appreciable differential mortality up to birth but that the viability of szsz 
dmdm is definitely lower than normal thereafter. 


Sterility of male silver-whites 


In the course of experiments intended to multiply or to test the silver-whites, 
it became apparent that no offspring were being obtained from males that were 
unequivocally of this type. In estimating the effective duration of matings. these 
were treated as starting with the month in which the male reached four months 
of age (average 3.5 months) or with the month following that in which the 
mating was made, if the male was already more than three months old at mating. 
The mating was treated as continuing through the month in which the female 
died or was disposed of. The first litter is usually produced so promptly (after a 
gestation period of about 68 days), that nonproductive matings of even three 
months duration by the above reckoning are uncommon among normal animals. 
The females referred to in this section were not silver-whites unless so stated 
(two Cases ). 

The eighteen mated non silver-white brothers of silver-white males were all 
fertile and produced 190 litters in 281 months of mating on average of 3.84 per 
year (Table 13). 

It became apparent that the testes of silver-white males remained abnormally 
small. These were dissected out and weighed in a number of cases as noted below. 
In three fertile non silver-white males, the combined weights of the testes includ- 
ing the epididymides were 5.3, 6.0, and 7.2 grams. The first was sepia 11-yellow 
3. clc'++dmdm, the second a very strong silver (grade 11). from RoXR, with a 
poor breeding record (three litters in 18 months), and the last a brown that pro- 
duced only one litter near the beginning of nine months of mating. In three ap- 
parently unproductive males that were not silver-whites (duration of matings— 
3, 4. and 7 months) the testes plus epididymides weighed 5.0, 5.8, and 6.0 grams. 
The first was a silver, grade 5 (c’c? sisi ++), the second a black (C + si + dm) 
and the third a black with silvering of grade 7 (C sisi ++). The average for all 
six not sisidmdm is 5.9 grams. In all of these, the epididymides were white and 
distended with sperm. 

Three black-eyed white males produced no young in matings of 5, 6 and 6 
months duration. In one ( 4 4781, discussed later) the combined weight of the 
testes was 1.95 grams. The epididymides were glassy and empty. In two unmated 
black-eyed whites ( 4 6756 and 4 6798, discussed later) single testes weighed 
only 0.40 and 0.25 grams. Three black-eyed near-white males produced no litters 
in 8. 8 and 14 months. In one, the combined weight of testes and epididymides 
was 1.0 grams. The latter were again glassy and empty. Seven pink-eyed near- 
whites produced no litters in 5, 6, 7, 7, 13, 21 and 21 months. The testes were dis- 
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sected out in two. The combined weight with epididymides were 1.3 and 1.6 
grams. In these also, the latter were glassy and empty. Five pink-eyed self whites 
from matings that produced silver-whites, produced no young in 3, 4, 6, 7 and 10 
months. None of these was necessarily sisidmdm since two were certainly and 
three possibly albinos, c’c’. The mating of only three months duration was with 
a sisidmdm female and may have been unproductive for this reason. In two of 
the others, the testes and epididymides were weighed, the totals being 1.2 and 1.7 
grams and the condition of the epididymides as before. 

The average weight for the six unproductive whites or near-whites is 1.3 grams 
(and single testes of two other silver-whites averaged only 0.3 grams) in contrast 
with 5.9 grams for both testes plus epididymides of six not sisidmdm. 

There was a considerable number of pink-eyed self whites from matings that 
produced undoubted sisidmdm that were fertile but these could all have been 
merely albinos. One pink-eyed self white from such a mating produced no litters 
in three months with a female known to be fertile, but is believed to have been 
merely an inadequately tested ordinary albino since the weight of the testes and 
epididymides was 5.0 grams and the latter were white and distended as in the 
control males. A white male with sepia-cream head spot produced no young in 
five months but had normal testes and white. distended epididymides, total 
weight 5.0 grams. The absence of young in this case was undoubtedly due to the 
female. She was a sister, undoubtedly c‘c'sisidmdm (white with a small sepia 
head spot of grade 5), ovaries cystic, uterus grossly enlarged (2 cm in diameter, 
horns each 1.2 cm in diameter, lumen very fine). The head spots in the male in 
contrast were no lighter than in other low grade dilutes produced by this and 
other matings (sepia 12-cream 2). It was moreover evident from other offspring 
from the mating (L348) that high grade white spotting was segregating. It seems 
reasonably certain that this was merely an example of high grade spotting, c‘c“ 
ssSisidmdm. The only other tested male (four litters in 18 months) which had 
been thought to be possibly a silver-white was a white with large sepia (grade 10) 
spots on both sides of the head. His parents (brother-sister) were siblings of two 
undoubted silver-whites. None of the seven other offspring were silver-whites 
but one showed moderately high grade spotting. Again the most probable inter- 
pretation is that this male was a high grade spotted segregant of the extreme 
dilute type. c’c‘ssSisidmdm. Fortunately high grade spotting segregated out in 
only a few of the matings, and there were very few whites or near-whites about 
which there was any serious doubt on this account. 

Histologic and experimental studies of probable sisidmdm males were begun 
by Proressor C. R. Moore but were interrupted by his fatal illness. Following 
are the notes which he made on the three cases which he completed. 


“$ 4181 black-eyed white from mating W12, born April 5, 1952 


Jan. 16, 1953. Autopsy. Body weight 885 g. 

Testis not palpable in scrotum. No evident pathology of viscera. Testis small, 
epididymis glassy. No spermatozoa present. Seminal vesicles well distended with 
secretion (indicates plenty of male hormone secretion ). 
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Vas deferens on right entered middle of seminal vesicle instead of common ejacu- 
latory duct (atypical). 


Weight 
2 testes (without epididymis ) 1.95 g. 
2 seminal vesicles 3.15 g. 
2 adrenals .76 g. 
2 thyroids .20 g. 
pituitary .020 g. 


Testis slide failed to show any spermatogenetic activity. Single row of basal 
cells in seminiferous tubules. Interstitial tissue prominent and in general exces- 
sive. Thyroid and adrenal essentially normal histologically. Pituitary slides sug- 
gest some abnormality but not yet completely convinced that it is atypical 
histologically. 

8 6756 black-eyed white from L348, born Dec. 14, 1952 
a) May 4, 1953. Right testis-removed; weight 0.40 gms. (slide 284A) given one 
guinea pig pituitary implant per day for 15 days. 
No external signs of testis descent. Abdomen opened. small testicular biopsy 
taken through puncture through tunica albuginea (slide 284B). Then gave 14 
daily subcutaneous injections of gonadal stimulating hormone (gonadogen- 
equine gonadotrophin, 10 rat units or 200 international units). 
c) Autopsy June 1 (51% months old) 
Organs in general normal; adhesions had developed after operation between 
rough surface of testis and inside lining of body wall; testis could not have 
descended. 
At autopsy 
body weight 460 gm. 
left testis (earlier biopsy ) 0.72 g. (slide 284C) 
2 seminal vesicles 2.7 g. plenty of secretion 
Testis slide 284A (before treatment) no spermatogenesis; single basal row of 
cells in seminiferous tubules. 
Testis slide 284B (biopsy after 15 pituitary implants) no appreciable change 
from untreated. 
Testis slide 284C (15 pituitary implants then 14 daily gonadotrophin injec- 
tions). Testis larger than original one (heavier) but no improvement in 
spermatogenesis; interstitial tissue greatly stimulated. 
8 6798 black-eyed white from L350, born Dec. 18, 1952 
May 4, 1953. Testes not palpable. Body weight 315 gm. Age 444 months. Right 
testes removed: weight 0.25 gm. Slide 285A. Injected testosterone propionate, 
0.5 mgs daily, 14 days. No external signs of change. Then testosterone pro- 
pionate increased to 2.5 mgm daily for 14 days. (Slide 285B) 
Autopsy June 1, Body weight 340 gm. 
All organs normal in appearance except testis. Testis high in abdomen (could 
have descended). Left testis weight 0.17 gm., 2 seminal vesicles 1.17 gm. dis- 
tended with secretion. Slide 285B (left testis following 14 days injection of 
testosterone propionate 0.5 mgm daily, then 14 days, 2.5 mgm daily) does 
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not show appreciable change from right testis removed before treatment. 
These dosages of male hormone did not stimulate spermatogenesis.” 

From these cases it appears that there is a primary failure of spermatogenesis. 
due presumably to absence of spermatogonia. There is no evidence of deficiency 
of interstitial cells in the testis or of male hormone, nothing abnormal in the 
histology of the adrenals or thyroid, nothing clearly atypical in the pituitary and 
no indication of spermatogenesis by pituitary implants, equine gonadotrophin or 
testosterone propionate. 

Table 13 gives a summary of the breeding records of the 13 males believed to 
be sisidmdm by color and ancestry, the four pink-eyed whites, probably sisidmdm 
by color, ancestry and record, and the 18 brothers definitely not sisidmdm, all 
mated with normal females. 


Low productivity of female silver-whites 


One case of abnormality in the reproductive tract of an sisidmdm female has 
been referred to. No gross abnormalities were found in a number of other cases, 
however, and many were fertile 





yet productivity was clearly subnormal. The 
most important results are summarized in Table 13 in which the records of the 
sisters of the tested sisidmdm females are used as controls. Duration is calculated 
as described for the tests of males. The shortest durations entered were of three 
months for each of two sisidmdm females one with one litter, one with none, and 
of two months for each of two controls, each with one litter. In the cases of two 
silver-whites, litters of three each were removed before birth, but close to term. 
and a litter of two, near term, from a control female, at the time of disposal of the 
guinea pig colony. As these could not be included in the categories born alive 
(BA), raised of those born alive (RBA) or raised (R). duration is shortened by 
two months in each case before calculating the number of young raised per year. 
Only matings with normal males are considered. 

Among the 21 silver-white females, ten produced no litters although mated on 
the average 6.9 months each. All of the 26 normal sisters were fertile. It should 
be said that there was one sister, not included, that produced no litter in ten 
months but in this case the male produced no litter in 10 months with another 
normal female and was thus probably responsible for the failure. This difference 
in fertility between sisidmdm and their sisters is highly significant (,* = 12.7, 
one degree of freedom). 

Considering only the fertile matings, there is little difference in the number of 
litters per year, 3.69 for the silver whites vs. 3.86 for their normal sisters. There is 
a greater difference in mean size of litter, 2.82 for sisidmdm vs. 3.42 for their 
sisters but the significance is doubtful (standard deviation 1.42 for silver-whites, 
1.49 for the controls, t = 1.90). A considerably smaller percentage of the off- 
spring of silver-whites were born alive (63.0 percent vs. 74.4 percent) but a 
slightly larger percentage of those born alive were raised (87.0 percent vs. 84.0 
percent). The percentage raised of all young (product of preceding percentages ) 
was less for silver-whites (54.8 percent vs. 62.5 percent), but not significantly. 
The number of offspring raised per year, the over-all estimate of reproductive 
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efficiency, is much smaller for the silver-whites (5.52 vs. 8.25) but the standard 
deviations are such (4.20 for silver white, 4.49 for the controls) that the differ- 
ence is only 1.77 times its standard error. 

If, however, records of all mated silver-white females are compared with those 
of their normal sisters, the discrepancy becomes much greater because of the 
large proportion of the former that were apparently sterile. The average number 
of litters per year becomes 2.10 for the silver-whites as opposed to 3.86 for their 
sisters, the offspring per year becomes 5.93 vs. 13.20 and the number raised per 
year 3.08 vs. 8.25. 

It may be seen that the records of the normal brothers of the tested silver-white 
males and those of the normal sisters of tested silver-white females were rather 
similar (except in average duration). 


Anemia of silver-whites 


I am indebted to Dr. W. K. Sitvers for determinations of hemoglobin in a 
number of silver-whites and of non silver-whites from the same or closely related 
matings. Two determinations were made for each guinea pig (average difference 
26.2 on the scale used). The average for seven control guinea pigs was 606.4, for 
10 silver-whites 456.1, giving a difference of 150.3 with a standard error of 16.2. 
The difference is thus highly significant (9.3 SE). 

Three of the controls were males (average 631.3) and four females (average 
595.2). Two of the silver-whites were males (average 445.5) and eight females 
(average 458.7). Thus there is no consistent sex difference with the numbers 
tested. 

Paired comparisons could be made on the basis of six matings represented by 
both silver-whites and controls. Two silver-whites from one mating and two 
controls from another are averaged in each case. Three of the silver-whites had 
no controls from the same mating and are omitted. The difference, 146.2 is 6.7 
times its standard error which is significant at the .001 level. All of the matings 
were so closely related, however, that the unpaired comparison may be taken as 
valid. 

Thus silver-whites have only about 75 percent of the hemoglobin concentration 
of their normal relatives. This may contribute to the low viability and low pro- 
ductivity of females of genotype sisidmdm. It can hardly have any direct relation 
to the absence of spermatogenesis in the males. 


Possible earlier references to dm 


The guinea pig colony in which the present data were obtained traces largely 
to a colony of the Bureau of Animal Industry, U.S. Department of Agriculture 
(which contained the color factors e”, e; A, a; B, C, c’, c*; P, F, f; S, s; Si, si and 
Dm; and a few animals kindly presented by Dr. W. E. Castie in 1916 which 
introduced E, b, c’, c’, p and almost certainly dm. The initial intensity of c’ geno- 
types, probably associated with dmdm, was increased by matings with albinos of 
the U.S.D.A. stock though not to such a degree that there was overlap of c’ sepias 
with c* sepias. An association of c* with dilution modifiers persisted for a long 
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time in certain largely isolated strains (cf. Wricutr 1949, p. 254). It now appears 
that this was due to the gene here designated dm. 

Caste (1912) described an experiment in which he selected for extreme dilu- 
tion in a strain of light sepias, creams and albinos by mating the lightest sepias 
and lightest creams. One of the matings produced an animal with a white coat 
except for a spot on the right side of the head and a small one on the body of a very 
pale color, described as like that of a pink-eyed (pp) mouse. Gene p, it may be 
noted, was not introduced into the colony until a year later. The eyes were 
described as pink but with a faintly pigmented streak in the iris. 

This is like a silver-white of genotype Eec‘c'sisidmdm, except that the eyes 
of the latter, while lighter (dark red) than the black eyes of sepia or cream litter 
mates would not be described as pink. Silvering was present in other strains in 
Dr. CastLe’s laboratory. If si and dm were present at all in the foundation stock 
of the section experiment, individuals of genotype (Ee or ee)cc’Sisidmdm 
would tend to be selected for mating because of their extreme dilution and should 
have produced some silver-whites. Other factors for dilution assembled by the 
selection, but not present in my colony, might have been responsible for the 
greater dilution of eye color than that which I have observed in silver-whites. 

In a later paper (1916) Casrie described crosses between the Peruvian cavy 
(Cavia cutleri) believed to be the wild ancestor of the guinea pig, and animals of 
two guinea pig strains. Cavia cutleri is paler than a cream agouti guinea pig. “The 
fur is agouti-ticked and the belly light, but the yellow of the ticking and belly is so 
pale as to resemble a dirty white or very pale cream shade.” On crossing with 
albinos from an otherwise very intense black strain (race B: E aa BB cc" PP FF) 
the offspring were intense agoutis (with red ticking and belly) as intense as those 
produced from crosses with blacks of the same strain. It was concluded that 
cutleri transmitted gene C and must owe its dilution to factors independent of the 
c series, which had just been described (Wricut 1915). As none of the 58 F: 
animals was as light as the cutleri grandparent, it was also concluded that “the 
darker coloration introduced by the cross, apparently through the albino parent, 
does not behave as a simple Mendelian character, either dominant or recessive.” 

The other strain with which the wild cavies were crossed was one (race C) in 
which the animals were either very pale brown-eyed creams (ee aa bb cc" PP FF) 
or the corresponding albinos (c‘c’). The hybrids from either the creams or the 
albinos, while more intense than either the wild cavies or the creams, were “much 
lighter than the hybrids produced in the cross with race B albinos.” Among 81 F. 
young from F, pairs that produced albinos (Cc* x Cc’), 11 were very pale. It 
appears that race C has one or more dilution factors in common with cutleri, 
absent in race B, as well as intensity factors, probably in common with race B. 
but replaced by dilution factors in the wild species. As race C seems to have been 
the source of dm of our colony the question is raised whether dm may not be 
present in the wild species and thus the type allele at its locus. As dm has no 
appreciable effect in our colony in the presence of C (except in association with 
sist) it must be supposed that the wild species differs from race C at some other 
locus or loci responsible jointly with dm for its dilution in the presence of gene C. 
This can hardly be si in view of the self white or near-white character of sisi 
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dmdm, as well as the sterility of males of this genotype. If we let dc represent such 
a gene in Cavia cutleri, the hypothesis in its simplest form is as follows: 


Cavia cutleri CC dmdm dcdc very dilute 

Race C, cream cic dmdm DcDc very dilute 

F, (cutleri X race C albino) Cc' dmdm Dcdc moderately dilute 
Like race C except C for c“ CC dmdm DcDe intense 

F, (cutleri X race B albino) Cc‘ Dmdm Decdc intense 

Race B black Cc* DmDm DcDe very intense 


The failure to recover the dilution of cut/eri in 58 F.,’s from the cross with race 
B albinos, indicates that it must differ in one or more additional factors. The 
segregation of only 11 pale-colored in 81 F,, hybrids with race C albinos, probably 
indicates at least one additional factor of type dc in cutleri. 

IBsEN (1932) listed the variations from the typical colors associated with com- 
binations of major color factors that were present in his colony and assigned genic 
symbols in each case. He implied, however, that adequate data had not been 
obtained in all cases. No data were given and it is not clear which ones were 
considered to be demonstrated. He described extreme dilution of dilute yellow 
(ee cic’) as due to a recessive gene /i. This might have been merely an effect of 
si (almost certainly the same as his Ro, studied by Insen and GorrTzEN (1951) 
on a black background, and thus present in the colony). If not, it is possible that 
our dm is the same as his /i. There is the apparent difference that /i is stated to 
be recessive while Dmdm is as intermediate as Sisi. There is also the apparent dif- 
ference that no effect on sepia (or brown) is ascribed to li, while such an effect 
(in tortoise-shells for example) is obvious in the case of dm. It is not stated, 
however, that effects were looked for on any other than a yellow background. It 
is also quite possible that there is both a specific modifier of light yellow (Ji) 
that was present in his stock but not mine and a general modifier of pigmenta- 
tion (dm) with a peculiar interaction effect with silver that was present in my 
colony but not his. 

In a brief reference in a previous paper (1956). the symbol di was used for the 
gene that is here called dm, overlooking the fact that IssEN had assigned the 
symbol di to a wholly different variation, dilution at the base of black hair, in 
his 1932 paper. 


SUMMARY 


The first order variations in intensity of dark eyed sepias in the guinea pig 
colony under consideration were due to the c series of alleles (C, c*, c’, c’, c"). 
Those in yellow are due to the c series and F, f. Most of the residual variability 
in sepia and yellow must have been due to common factors in view of the strong 
correlation between the intensities of sepia and yellow segregants, or within 
tortoise-shells, of the same c genotype (and FF). Most of the residual variability 
of pink-eyed pale sepias (pp) was independent. 

Most of the residual variability in intensity of dark eyed sepia and yellow 
depended on two genes silvering (si) and diminished (dm). The former tends to 
produce silvering (sprinkling with white), blotching (irregularity in degree of 
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silvering even in symmetrically placed areas) and dilution. The silvering and 
blotching are most conspicuous with higher c genotypes, (especially with C in 
blacks. reds and pink-eyed pale sepias), the dilution in lower ones (especially 
c’c* in which dilution, uniform except for light belly, largely replaces silvering 
in both sepias and yellows). The gene dm has somewhat similar effects with 
lower c genotypes, but no silvering effect and no effect with C except in sisi 
dmdm. 

The dilution effects of the loci act cumulatively to produce extreme dilution 
in Sisidmdm and sisiDmdm. 

In the combination sisidmdm the coat is usually wholly white except (in 
about 50 percent) for one or two small spots of pale color on the cheeks. With C, 
these spots are strongly silvered. With cc‘ they are so pale as to be easily over- 
looked at birth. Eye color (if P is present) is slightly reduced. 

Silver-whites (sisidmdm) have a higher mortality rate after birth than their 
normal litter mates. The males are sterile as far as known. Those examined have 
testes of about 25 percent normal weight. 

Spermatogenesis was found to be wholly absent in those examined and could 
not be induced by testosterone propionate, pituitary implants, or gonadotrophin. 
Interstitial tissue and amount of male hormone seemed normal. ( C. R. Moore). 

About 50 percent of the silver-white females have been sterile. The others are 
probably somewhat low in productivity. 

Silver-whites have about 75 percent of the hemoglobin concentration of nor- 
mals of the same strain. (W. K. StLvers). 
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HYSIOLOGICAL differences between animals may be correlated with varia- 
Pisces in the free amino acid level of tissues and fluids. This is illustrated by 
the results of research by Dent (1947) on the amino-aciduria associated with the 
Fanconi syndrome. An increased level of some amino acids was found chromato- 
graphically in the urine of persons affected by this disorder. WriuiaMs ef al. 
(1951) searched for urinary amino acid metabolic patterns associated with 
human disease. They developed methods of paper chromatography and applied 
them in studies of urinary amino acids in rats, in unrelated normal human 
beings, and in unrelated human beings suffering from schizophrenia, mental 
deficiency, and overweight and underweight. Differences in the free amino acid 
content of the blood of seven species of insects have been reported by Pratt 
(1950). Similar studies using paper chromatography have shown biochemical 
differences between normal and tumorous tissues in mice (RoBerts and 
FRANKEL 1949; MickELson and Barvick 1956) and between growing and re- 
gressing tumors (RoBerts and Borces 1955). Thus chromatographic techniques 
have been useful in discovering differences between species of insects, between 
unrelated human beings with respect to metabolic and mental disorders. and 
between normal and abnormal tissues within an inbred strain of mice. 

Berry (1953) reported a genetic interpretation of the variations he observed 
in urinary excretion patterns found in a human population in Texas. A chromato- 
graphic pattern difference between male and female Drosophila which was evi- 
dent under ultraviolet light was reported by Buzzat1-Traverso (1953a). Genetic 
control of conditions such as cystinuria (Dent and Harris 1951), and of varia- 
tions in the quantity of particular substances in the tissues and fluids (CRUMPLER 
et al. 1951) have been found by similar chromatographic methods. Sutton and 
Crark (1955) found a genetically influenced lysine variation when comparing 
chromatographed urine of Chinese and Caucasoids. Differences in the excretion 
level of taurine, lysine, and methionine sulfoxide were found between inbred 
strains of rats (REED 1951). Berry et al. (1955), in chromatographic studies on 
dizygotic and monozygotic twins. compared their intrapair variation in excretion 
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rates of various amino acids, and associated these with genetic control. Specific 
genetic control has been shown for the excretion of beta-aminoisobutyric acid in 
human beings (Harris 1953). Harris suggests that a high excretion of this acid 
results from the presence of a homozygous recessive genotype. BuzzatTi1-TRAVERSO 
(1953b) was able to identify Drosophila heterozygotes carrying the recessive 
conditions bent, eyeless, shortvein, spineless-aristapedia, and vestigial, by their 
amino acid patterns. He obtained consistent patterns “with a high degree of 
independence of feeding and other environmental conditions.” 

Because of results such as those described above, this study was undertaken to 
search for consistent differences between the amino acid contents of the blood 
plasmas of highly inbred strains of mice. Differences between strains as de- 
termined by the statistical analyses which follow, may be attributed to differ- 
ences in the genetic background of the strains. Differences within a strain may 
be attributed to the effects of segregating genes or to sexual differences. Three 
inbred strains suitable for this study were present in the stock maintained by the 
Genetics Section of the Department of Zoology and Entomology of the Ohio State 
University. They were SEC/2 Gn-d, CBA/Ca-se, and Furless. The genes for 
dense/dilute coat color in the first strain, the genes for short ear/normal ear in 
the second strain. and the genes for furless/normal coat in the third strain are 
segregating. Since these genes are associated with physiological processes in- 
volved in the synthesis of highly proteinaceous structures, detectable amino acid 
differences might be expected to occur in the blood. By utilizing chromato- 
graphic methods to determine amino acid levels. some insight was gained into 
the action that the particular gene segregating in each strain has upon various 
physiological processes. Statistically significant differences in amino acid content 
were shown: (1) between the genotypes within two of the three strains of mice 
tested, (2) between the sexes within each of the three strains tested, and 
(3) between the three strains tested. 


MATERIALS AND METHODS 


Mice of three different inbred strains were used: The SEC/2 Gn-d strain with 
the genes for dense/dilute (D/d) coat color segregating; CBA/Ca-se strain with 
the genes for normal ear/short ear (Se/se) segregating; and the Furless strain 
with the genes for normal/furless (Fs/fs) coat segregating. Equal numbers of 
mice were used of (a) each genotype of the gene segregating in that strain, (b) of 
each sex, and (c) of each strain. In this way differences in concentration of each 
amino acid were compared between strains, between sexes within strains, and 
between genotypes within strains. 

All the mice of a particular strain that were used in the tests were the 
descendants of one pair of mice of that strain. Two sublines were set up in each 
strain from the second generation offspring of this initial pair. One subline was 
composed of mice of the genotype AA mated to AA mice. (A and a are used here 
as general symbols for the three segregating loci.) The other subline was com- 
posed of mice of the genotype Aa mated to aa mice. The genotype of each AA or 
Aa mouse used in matings was determined by progeny testing. After three or four 
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generations of brother-sister mating of progeny-tested mice, there were enough 
mated mice of the same generation of each subline to produce the number of 
mice necessary for the testing procedure. 

The mice of the Furless strain which provided blood samples were in the 15th 
generation of brother-sister mating, thse of the CBA/Ca-se strain in the 24th 
generation, and those of the SEC/2 Gn-d strain in the 45th generation. Thus the 
percentage of homozygous loci not linked to the gene segregating in each par- 
ticular strain should exceed 97 percent in the Furless strain, and approach 100 
percent in the SEC/2 Gn-d strain and the CBA/Ca-se strain (Wricut 1921). 

The strain, sex, and genotype of each mouse was recorded so that differences 
between strains, differences between sexes, and differences between genotypes 
within a strain could be tested. The term “strain,” as used here, is defined as an 
equal number of male and female mice of each of the three possible genotypes 
of the segregating locus. 

It was necessary to foster all Furless and CBA/Ca-se litters on SEC/2 Gn-d 
mothers to get the proper mice at the proper time since certain mothers were 
neglecting their litters. All pregnant females were checked daily. and each new 
born litter was fostered onto an SEC/2 mother which had borne a litter within 
the previous few days. By this means, the necessary mice were obtained at the 
proper time. All mice, fostered and nonfostered, were subsequently treated in 
the same manner. 

The young mice were weaned at four weeks of age and the males and females 
put into separate cages. When the mice were six weeks of age, they were deprived 
of food for 12 hours and bled of 500 microliters of blood by heart puncture. The 
free amino acids present in the blood plasma were separated in alcohol, concen- 
trated in a vacuum oven, and spotted on a sheet of filter paper. 

Two dimensional paper chromatograms were run on each of four replicates of 
every combination of genotype, sex. and strain. The chromatographic method 
was based on that reported by THompson and Srewarp (1951). Water saturated 
phenol was used as solvent in the first dimension, and a 1:3 mixture of 2,4,6- 
trimethylpyridine (collidine) and 2.4-lutidine was saturated with water and 
used as the solvent in the second dimension. The developing reagent was a ().2 
percent solution of ninhydrin in 95 percent ethanol containing 0.4 percent of the 
1:3 collidine-lutidine reagent mentioned above. 

The amino acids present on the test chromatograms were tentatively identified 
by their position and color, using information given by Dent (1948). The spot 
was considered to be identified when the addition of a quantity of known amino 
acid to the test sample to be chromatographed intensified the spot in question 
(reinforcement). After all the spots had been identified a master chromatogram 
was drawn and all spots labeled. The spots on the experimental chromatograms 
were identified by relative position and color with reference to the master chro- 
matogram. The spots were eluted from the developed chromatograms and were 
analyzed spectrophotometrically. The resulting measurements of optical density 
were converted to proportions of total optical density. 
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The data for each amino acid obtained by this procedure were analyzed for 
differences between genotypes and between sexes within each strain by a two 
way analysis of variance, and for differences between the three strains and 
between the sexes by another two way analysis of variance. 


RESULTS AND INTERPRETATIONS 


General considerations 


The developed chromatograms revealed 16 spots, each of which was found to 
be caused by one or more of the following substances; glutathione, aspartic acid, 
homocysteine, cystine, taurine, glutamic acid, serine, glycine, lysine, arginine, 
glutamine, alpha alanine, beta alanine, valine, norvaline, isoleucine, and leucine 
(Figure 1). Due to the overlapping of positions taken by valine and norvaline 
and by isoleucine and leucine, they were each measured as one spot. The spots 
resulting from cystine and from taurine were always relatively large and diffuse. 
It was often difficult to determine the exact extent of either of these two spots. 
The serine and alpha alanine spots often ran together, as did those for glycine and 
glutamine. The glutamine and beta alanine spots invariably overlapped at their 
edges. Whenever a reserve chromatogram of a mouse of the same strain, sex, and 
genotype was available. it was processed in place of one in which the spots had 
run together. Spots of glutathione, aspartic acid. homocysteine, glutamic acid, 
lysine, arginine, valine-norvaline, and isoleucine-leucine were usually either 
dense and well defined. or if weak were separated from the others well enough to 
be readily determined. Aspartic acid split into two well defined spots separated 
by the homocysteine spot. The two aspartic acid spots were eluted together and 
measured spectrophotometrically as one. 


Statistical analysis 


Variations in the total optical density were observed between replicates of the 
same group. When all four replicates of a group were ranked 1, 2, 3, 4, for each 
amino acid. according to the magnitude of the optical density measurement, it 
was noted that the replicate with the highest total optical density was usually 
ranked first for each individual amino acid. The replicate with the lowest total 
optical density was usually ranked fourth. This means that either the free amino 
acid base level varies between individuals, or the starvation period was not long 
enough to bring the blood amino acids to the base level. or the chemical process- 
ing method was not standardized to the desired extent. If the optical density data 
were analyzed directly, the variation between replicates would appear in the 
source of variation labeled as the “error mean square.” This would effectively 
prevent many, if not all, actual differences from being discovered. In other words 
the power of the tests would be very low. Therefore, the optical density readings 
were converted to proportions of the total optical density for that individual 
replicate. In this way all the replicates were put on the same base total, namely 
1.0, and each individual reading was a portion of this such as .082, or .136. This 
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is the way the data have been reported in Tables 1 through 3. For convenience 
in calculating, however, all readings were multiplied by 1000, thus making each 
a whole number. 

TABLE 1 
Mean proportion of individual amino acids, as converted from optical density measurements on 


chromatograms of the blood of the four replicate male and female mice of the 
DD, Dd. and dd genotypes in the SEC/2 Gn-d strain 





Genotype DD Dd dd 


Sex M F M EF M I 

1. Glutathione .091 118 .084 .085 .095 .081 
2. Aspartic acid .138 .193 152 162 152 .147 
3. Homocysteine 052 .056 .055 .055 .061 .058 
+. Cystine .061 048 .065 .056 .065 .065 
5. Taurine .088 .066 .080 .087 .070 .085 
6. Glutamic acid .062 .052 .053 053 .048 .046 
7. Serine .055 .052 .061 .056 .050 .061 
8. Glycine 073 .054 .074 .069 .057 .059 
9. Lysine .031 .025 .028 .039 .029 .031 
10. Arginine .030 .026 .038 .032 .037 .027 
11. Glutamine 054 .048 .056 .057 .057 .047 
12. Alpha alanine .079 084 .066 071 .058 .068 
13. Beta alanine .025 024 .028 .024 .038 .026 
14. Valine-norvaline .069 .077 .075 .072 .097 .083 
15. Isoleucine-leucine .093 .080 .084 .086 .089 .120 
Sum 1.001 1.003 .999 1.004 1.003 1.004 





TABLE 2 
Mean proportion of individual amino acids, as converted from optical density measurements on 
chromatograms of the blood of the four replicate male and female mice of the 
SeSe, Sese, and sese genotypes in the CBA/Ca-se strain 








Genotype SeSe Sese SCS 
Sex M F M EF M I 
1. Glutathione .079 .085 .094 .064 .087 .066 
2. Aspartic acid 405 153 146 .122 5d .106 
3. Homocysteine 081 .082 .072 052 .068 .048 
+. Cystine .065 .058 .058 .071 .068 .U83 
5. Taurine .104 .071 .081 .110 .078 .104 
6. Glutamic acid .047 .055 .047 .060 .053 .054 
7. Serine 049 .052 .050 .060 .046 .056 
8. Glycine .056 .056 .051 .065 .055 .052 
9. Lysine .032 .044 .040 .051 .042 .045 
10. Arginine .024 .038 .031 .042 .026 044 
11. Glutamine .055 051 .047 .063 .049 .056 
12. Alpha alanine .069 074 .068 .084 .071 .071 
13. Beta alanine .023 .031 .035 .030 .026 .036 
i4. Valine-norvaline .079 .073 .094 .067 084 .087 
15. Isoleucine-leucine .085 .079 .089 .063 .093 .093 


Sum 1.003 1.002 1.003 1.004 1.003 1.002 
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TABLE 3 


Mean proportion of individual amino acids, as converted from optical density measurements on 
chromatograms of the blood of the four replicate male and female mice of the 
FsFs, Fsfs, and fsfs genotypes in the Furless strain 











Genotype FsFs Fsfs fsfs 
Sex M F M F M F 

1. Glutathione .104 091 .096 112 114 136 
2. Aspartic acid 121 135 .103 .126 195 178 
3. Homocysteine 059 .069 .061 .051 .047 .045 
4. Cystine .081 075 082 .068 .066 .080 
5. Taurine .088 .086 .077 .087 .090 .073 
6. Glutamic acid .050 .054 .061 .043 .049 .028 
7. Serine 051 .049 .060 .055 .048 .062 
8. Glycine .065 049 .053 .060 .048 .050 
9. Lysine .038 041 052 .039 .013 024 
10. Arginine 041 .043 .054 .046 041 .049 
11. Glutamine .065 .055 .047 .056 .051 .053 
12. Alpha alanine .061 .067 .061 .057 .056 .052 
13. Beta alanine .033 .036 .046 .037 .046 .037 
14. Valine-norvaline .060 .067 .067 .088 .076 .067 
15. Isoleucine-leucine .084 .086 .083 .076 .061 .068 
Sum 1.001 1.003 1.003 1.001 1.001 1.002 





Readings of optical densities may be used for computations since THoMPsON 
and Srewarp (1951). by determining the optical density of spots which resulted 
from known concentrations of amino acids, have shown that a linear relationship 
exists between optical density and concentration. I verified these results by pre- 
paring similar standards. 

The statistical analyses consist of a separate two way analysis of variance (sex 
by genotype) for each of the 15 amino acids in each of the three strains. In this 
Way existing genotypic differences within a strain could be detected without being 
confounded with the genotypes of the other two strains. After these analyses a 
separate two way analysis of variance (sex by strain) was run for each of the 
15 amino acids measured. This was done to detect differences between the three 
strains. The F values calculated from the data are considered to be significant if 
they exceed the tabulated F value for the appropriate degrees of freedom at the 
five percent level of significance (as listed in SNEDECOR’s Statistical Methods, 
4th Edition 1950). Significant F values are indicated in the tables by one 
asterisk (*). If the F value calculated from the data exceeds the tabular F value 
at the one percent level, it is marked by two asterisks (**). Summaries of all 
analyses appear in Tables 4a and b and 5 immediately following. 


Biological interpretation 


Patterns of the amino acids were drawn, Figures 2 through 19 in Plates I, II, 
and III, and should be consulted for a visual picture of the differences mentioned 
in the following discussions of each amino acid. The patterns were modeled after 
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TABLE 


BANT 


ta 


of variances within strains 


amino acid levels between genotypes determined from two way analyses 








SEC F CBA I Furl I 
Within strain DD Dd dd _ Value SeSe Sese sese Value FsFs_ Fsfs [sf Value 
i. Glutathione H L M 4.70* mB mk <1 L MB H 536" 
2. Aspartic acid a mit <7 mm ke ea m - Biss" 
3. Homocysteine L 2. <1 nH MN L 3 H M L 1.90 
+. Cystine EL MH 12 L M H._ 1.08 noe & <4 
5. Taurine = H = 1.10 L H M <i am & <1 
6. Glutamic acid a. eae BS = =S 2a = = & 367 
7. Serine ee <1 EL 2 Mw <1 L H M 1.00 
8. Glycine a. ae +.26* mek <7 = = B&B Te 
9. Lysine I H M 1.20 » HM 227 | es eg 
10. Arginine L H M 2.66 iE: HM <1 L & &@ <1 
11. Glutamine & ee <1 a ie, Se ee nan = = 24 
12. Alpha alanine H M I 3.93* = = <4 H M L 1.86 
13. Beta alanine I MH 1.76 I H M <1 L = = <1 
14. Valine-norvaline = = 25)" L M H 2.98 L BH M 34 
15. Isoleucine-leucine mL BB 3H M I H 1.48 H M L_ 4.64* 
Five percent level of significance 3.55 3.55 3.55 
One percent level of significance 6.01 6.01 6.01 
* Indicates significant at the 5% level 
* Indicates significant at the 1°% level 
If Indicates high; M indicates medium; L indicates low: indicates equal 
TABLE 4b 


Difference in amino acid levels determined from two way analyses of variances within strains 


(F value shown) 





Jetween sexes 


Interaction (geno.-se 
BA 





Within strain SEC CBA Furl SEC Furl 
1. Glutathione <4 2.94 1.34 4.26* 1.41 2.33 
2. Aspartic acid 2.55 2.63 ee 1.75 = 7 1.37 
3. Homocysteine <1 2.70 <4 <4 <1 <1 
+. Cystine 2.21 < {i < % a <7 1.39 
5. Taurine <i 2.15 <7 8.45** 16.0** 1.41 
6. Glutamic acid < % 3.53 +.49* “= 4 <A 2.14 
7. Serine — % 1.39 [7 1.61 € 1 1.79 
8. Glycine 4.03 «<4 <1 2.97 <I 2.52 
9. Lysine e 8.42** <1 2.49 <7 1.85 
10. Arginine 8.73** 4.29 <1 <1 <1 <1 
11. Glutamine 1.34 1.83 < 1 <4 1.74 2.71 
12. Alpha alanine 1.40 1.10 eA “<4 <4 <7 
13. Beta alanine 3.39 <% < 1 1.06 <1 < 
14. Valine-norvaline <a 8.72** 2.14 1.39 7.09** 4.26* 
15. Isoleucine-leucine <1 1.54 <4 3.33 = 4% <"] 

Five percent level of significance 4.41 3.55 

One percent level of significance 8.28 6.01 
* Indicates significant at the 5% level. 


** Indicates significant at the 1% level. 
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TABLE 5 


Difference in amino acid levels determined from two way analyses of variances between strains 
(F value shown) 

















Between sexes Between strains Interaction (strain-sex 
1. Glutathione <1 13.14** 2.32 
2. Aspartic acid — % 1.60 2.61 
3. Homocysteine 1.28 3.61* 1.14 
+. Cystine <4 5.00** 1.21 
5. Taurine < { 3.41* ey 
6. Glutamic acid < 1.30 3.84* 
7. Serine 1.70 = 3 <a 
8. Glycine — 7 4.97** 1.21 
9. Lysine 73 G.i7** <1 
10. Arginine <1 8.85** 4.86* 
11. Glutamine = 9 “ey 1.74 
12. Alpha alanine 1.60 6.36** <1 
13. Beta alanine ey 6.90** 1.55 
14. Valine-norvaline a 3.97* 2.29 
15. Isoleucine-leucine <3 4.04* 1.24 
Five percent level of significance 3.99 3.14 3.14 
One percent level of significance 7.04 4.95 4.95 





* Indicates significant at the 5% level 
** Indicates significant at the 1% level 


those drawn by WiiuiaMs (1951). The length of each line in Figures 2 through 
19 indicates the mean proportion of that amino acid in mice of that genotype, sex, 
and strain as taken from Tables 1, 2, and 3. The numbering is consistent 
throughout all figures as follows: 


1. Glutathione 9. Lysine 

2. Aspartic acid 10. Arginine 

3. Homocysteine 11. Glutamine 

4. Cystine 12. Alpha alanine 

5. Taurine 13. Beta alanine 

6. Glutamic acid 14. Valine-Norvaline 
7. Serine 15. Isoleucine-Leucine 


8. Glycine 


1. Glutathione: A significant F value was obtained for the between genotypes 
part of the two way analysis of variance for both the SEC/2 and the Furless 
strains. This leaves us with the inference that there is a difference between the 
genotypes within the SEC/2 strain, and within the Furless strain in the quantity 
of glutathione present in the blood. The analysis therefore, shows that the 
amount of the tripeptide glutathione in the blood is associated with the action of 
the genes responsible for the dense/dilute coat color in the SEC/2 strain, and with 
the genes responsible for the furless/normal coat in the Furless strain, or to other 
genes closely linked with these loci. Notice that the highest quantity of gluta- 
thione (Table 4a) is associated with the action of the homozygous dominant 
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genotype in the SEC/2 strain. By contrast the homozygous recessive genotype 
shows the highest quantity of glutathione in the Furless strain. 

No significant value is noted in the between sexes part of the analysis. No as- 
sociation can be claimed between sex and glutathione. An F value significant at 
the one percent level is noted between strains. That this is a real difference can 
be seen by inspection of the following table. 


Total of 
Proportions 
SEC/2 2212 
CBA 1896 
Furl. 2605 


This shows that the proportion of glutathione in CBA mice is only about 19/26 
of that in Furless mice (Figures 8 through 19). Therefore it may be proposed that 
the genetic backgrounds of the strains differ with respect to those genes associated 
with glutathione. 

An F value significant at the five percent level was obtained for the interaction 
of sex and genotype in the SEC/2 strain. This indicates the effects of genotype 
and sex on amino acid content are not additive. 

2. Aspartic Acid: There is a significant F value for the differences between 
genotypes in the Furless strain. This leads us to the conclusion that there is a 
difference in proportional content of aspartic acid between genotypes of the 
Furless strain. We would conclude further that the genes at the F's/fs locus are 
associated with processes involving aspartic acid, with the homozygous recessive 
showing the greatest amount. Since there is no significant F value for sex or 
strain, there is no association indicated of aspartic acid with sex, nor with any 
difference in the genetic backgrounds of the strains. 

3. Homocysteine: No evidence was found relating this amino acid to any of 
the genotypes segregating within any of the three strains tested. There is no 
evidence indicating any association between homocysteine and the sexes. 

A difference in genetic background of the strains is indicated by the significant 
between-strains deviation in this amino acid. The proportion of homocysteine in 
the Furless strain averages only 13/16 of that in the CBA strain (Figures 8 to 19). 

The absence of any significant F values due to interaction fails to show any 
additivity of the effects of genotype and sex, or sex and strain. 

4. Cystine: There are no significant F values observed in between genotypes 
or between sexes analyses. There is. therefore, no evidence shown here for an 
association of cystine with either sex or with any of the genes segregating in 
these three strains. 

A significant F value was obtained in the between-strains analysis. Inspection 
of the data in the following table shows that the Furless strain has the highest 
average proportion of cystine in its blood, the CBA strain next highest and the 
SEC/2 lowest with only about 7/9 the proportional amount present in Furless. 
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Total of 
Proportions 
SEC/2 1437 
CBA 1609 
Furl. 1806 


This difference, too, can be attributed to differences in the genetic backgrounds 
of the strains. 

5. Taurine: The analysis indicates no relation of taurine to sex or to any of 
the genotypes tested. The difference between strains that is indicated by the F 
value (significant at the five percent level) is again attributable to genetic back- 
ground differences. The CBA strain shows the highest proportion of taurine, and 
SEC/2 the lowest. 

Two F values significant at the one percent level were obtained for interactions 
in the genotype by sex analyses. The subsequent rejection of the null hypothesis 
indicates the effects of genotype and sex on the amino acid content are not addi- 
tive in the SEC/2 and CBA strains. 

6. Glutamic Acid: There is no relationship shown between glutamic acid and 
genotype in any of the three strains tested. 

A significant F value was obtained between the sexes in the Furless strain, 
male mice having a greater proportion than female mice. This indicates a 
possible association between glutamic acid and genes associated with the sex 
factors. This association was not carried over. however, when the mice of all 
three strains were grouped according to sex. 

The analysis failed to demonstrate any difference among the strains in 
glutamic acid content, but the strains by sexes interaction exhibited a significant 
F, indicating the nonadditivity of their effects. 

7. Serine: The analysis failed to show any significant difference between 
genotypes, sexes, or strains tested in the proportion of the amino acid serine. 
Therefore, I assume that the genetic backgrounds of the strains do not differ 
markedly with respect to the genes associated with serine. Notice the fairly con- 
stant length of the No. 7 line in Figures 2 through 19. There was also no inter- 
action indicated between the main effects. 

8. Glycine: The possible association of glycine with the dense/dilute genotype 
segregating in the SEC/2 strain is indicated by a significant F value in that strain 
analysis. In the following table we can see that the heterozygous genotype is 
associated with the highest average proportion of glycine in both the SEC/2 and 
the CBA strains, and very close to the highest in the Furless strain. 


Generalized 
Genotype SEC/2 CBA Furl. 
AA 510 446 456 
Aa 568 464 452 
aa 465 424 388 


The homozygous recessive is associated with the lowest average proportion in all 
three strains. 
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There can be no sexual association claimed on the basis of these analyses, but a 
strain difference is indicated by the F value, significant at the one percent level, 
obtained in the between-strains comparison. The average proportion of glycine 
in the blood of Furless individuals is only 5/6 of that in SEC/2 mice, as shown 
here. 


Total of 
Proportions 
SEC/2 1543 
CBA 1334 
Furl. 1296 


9. Lysine: Significant F values are obtained for proportions of lysine as- 
sociated with differences between genotypes within a strain, between sexes 
within one strain, and between strains. The difference between genotypes within 
the Furless strain is readily, noticeable upon inspection of the following table. 
The homozygous recessive fs/fs shows a drastically lower proportion than either 
of the other two genotypes in the Furless strain, having only about 3/7 the pro- 
portional amount as does the heterozygote Fs/fs (Plate III, Figures 14 
through 19). 


Generalized 
Genotype SEC/2 CBA Furl. 
AA 221 303 316 
Aa 266 364 361 
aa 240 349 147 


It is interesting to note that all of the heterozygotes exhibit a higher average 
proportion of lysine than do either of their corresponding homozygotes. 

Genes on the sex chromosomes or those whose actions are influenced by sex 
may also be associated with the metabolic chemistry of lysine, as indicated by 
the difference between the sexes within the CBA strain. Although the female 
has a greater average proportion of lysine than the male in all strains tested, the 
magnitude of the difference in the SEC/2 and Furless strains is so small that the 


SEC/2 CBA Furl. 


Male 1 351 | 455 | 410 
Female (25) 376 (106) 561 (4) 414 


number of degrees of freedom they add to the analysis more than compensates 
statistically for their contribution to the sex difference. These two strains may be 
more hemozygous for those sex-associated genes affecting lysine than are the 
mice of the CBA strain. 

A difference between strains is also indicated. The CBA strain mice have a 
strikingly higher average proportion of lysine in their blood than do either of the 
other strains tested (Figures 2 through 19). 
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10. Arginine: No association can be claimed between arginine and any of the 
three genotypes under test. A difference between the sexes (significant at the 
one percent level) in the SEC/2 strain was indicated in their content of arginine. 
The males had a higher proportion than the females. This difference does not 
persist when the mice of all three strains are grouped according to sex, since its 
effect is nullified by an opposite one in the CBA strain. 

The strains differ in their average proportion of arginine. Mice of the Furless 
strain have a higher proportion of arginine than either of the other strains. This 
is true for each genotype in between-strains comparisons. A strains by sexes 
interaction is also indicated. 

11. Glutamine: I failed to find any significant difference in proportion of 
glutamine relative to sex, genotype, or strain comparisons. I assume the genetic 
backgrounds of the three strains are similar for those genes influencing gluta- 
mine. Notice the fairly constant length of line No. 11 in Figures 2 through 19. 

12. Alpha Alanine: The dense/dilute locus or other loci closely linked to it 
segregating in the SEC/2 strain are apparently involved in the control of the 
metabolic chemistry of alpha alanine. The homozygous dominant genotype has 
the greatest proportion, the homozygous recessive the least. The F value obtained 
for the among genotypes comparison is significant at the five percent level. 

Although no relation to sex is found, an F value significant at the one percent 
level indicates a difference among strains. The proportion of alpha alanine in the 
Furless strain is only 8/10 of that in the CBA strain. Here. too, the genetic back- 
grounds of the three strains must differ with respect to those genes associated 
with the amino acid alpha alanine. 

13. Beta Alanine: With no relation being shown to any of the segregating loci, 
or to sex. it can be assumed that the genes in the genetic background control the 
chemical processes involving beta alanine. The genetic backgrounds do seem to 
differ relative to the genes associated with this amino acid since an F value 
significant at the one percent level is obtained when comparing the strains. The 
average proportion of beta alanine in SEC/2 is but 7/10 of that in the Furless 
strain. 

14. Valine-Norvaline: There is a possible association of valine and/or nor- 
valine with the genes at the dilute locus segregating in the SEC/2 strain. The 
homozygous recessive d/d has the greatest proportion, while the other two geno- 
types are equal in their proportion. 

An association with sex is indicated in the CBA strain by an F value significant 
at the one percent level. Most of the difference between the sexes appears to be 
due to interaction of sex and the heterozygous genotype. In CBA males the hetero- 
zygote has the highest amino acid level, while in heterozygous CBA females 
the level is suppressed. The proportion in the Furless strain females exceeded 
that in the Furless strain males to an extent great enough to nullify this differ- 
ence when mice of all strains were grouped according to sex. The genetic back- 
ground in the CBA strain may be such as to allow a sex difference to show. 

The strains differ relative to the proportion of either valine or norvaline, or 
the combination of them viz. a total of proportions of 1891 in SEC/2, 1929 in 


q 
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CBA, and 1693 in Furless. Interactions between genotype and sex were obtained 
for the SEC/2 and CBA strains. 

15. Isoleucine-Leucine: A significant F value is obtained when comparing 
genotypes within the Furless strain, and when comparing strains. There is no 
evidence associating these amino acids with sex differences. The association of 
either one or both of these amino acids with the Furless locus (or other closely 
linked loci) segregating in the Furless strain is indicated by an F value signifi- 
cant at the five percent level. Here again the homozygous dominant has the 
greatest proportion and the homozygous recessive the least. The strain difference 
found here indicates differences in genetic background between the three strains 
for those genes associated with the biological processes involving either isoleucine, 
leucine, or both. 


SUMMARY 


This research disclosed statistically significant differences between the geno- 
types in mice of the SEC/2 Gn-d strain for glutathione (DD high), glycine 
(Dd high), alpha alanine (DD high) and valine-norvaline (measured together ) 
(dd high). No differences were found between the genotypes in the CBA/Ca-se 
strain. Between the genotypes segregating in the Furless strain, there were sig- 
nificant differences found with respect to glutathione (fsfs high). aspartic acid 
(fsfs high), lysine (Fsfs high), and isoleucine-leucine (measured together) (FsF's 
high). Significant differences in the level of arginine, lysine, valine-norvaline, 
and glutamic acid were found between the sexes within a particular strain. Male 
and female SEC/2 mice differed in the proportion of arginine in their blood the 
males being higher. CBA males differed from the females in their proportion of 
lysine (f-males higher than males), and valine-norvaline (males higher than 
females), while the proportion of glutamic acid in Furless males exceeded that in 
females by a statistically significant amount. All of these sexual differences 
disappeared, however, when all mice of all three strains were grouped according 
to sex and analyzed together. The strains differed statistically with respect to 
their relative proportions of glutathione, homocysteine, cystine, taurine, glycine, 
lysine, arginine, alpha alanine, beta alanine, valine-norvaline, and isoleucine- 
leucine. Despite the presence of the many significant differences, a fairly stand- 
ardized metabolic pattern can be generated for each inbred strain of mice. 
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NHERITED skeletal abnormalities which may be, and have been, classified 

fundamentally as the result of disproportionate reduction of localized parts 
manifest a wide range of species patterns with respect to the degree and location 
of effect upon the skull and limbs, and in some cases the vertebrae. When homo- 
zygous these abnormalities are lethal at a relatively early age in the most 
severely affected, such as the Creeper fowl. (LANDAUER 1932) achondropiastic 
rabbit (ac), (PEARCE and Brown 1945), and certain of the cattle dwarfs. They 
vary considerably in their expression when heterozygous from almost none to 
obvious abnormality, whereas animals such as the Bassett hound and Dachshund 
(commonly considered disproportionate dwarfs) are able to live apparently 
normal lives though homozygous. Between these two groups is the dachs rabbit 
(Sawin and Crary 1957) which is neither a severe and early lethal, nor one 
which can be said to live out as a breed a relatively complete and normal life 
span. In some genomes the gene induces (when homozygous) a severe crippling, 
whereas in others it permits survival to adulthood and production of viable 
young, although few of the young so produced can be raised without a foster 
mother. Thus, considering the disproportionate dwarfs as a group, there is a 
wide range of variation, both with respect to time of onset of gene effect and to its 
effect upon the life span. 

That time is an important factor in the expression of such anomalies was 
brought out by SrocKarp (1941) on dogs, and particularly by LANDAUER (1934) 
in early studies of the Creeper fowl. The latter repeatedly emphasized this fact 
again in connection with “Brachypodism” in mice (LANDAUER 1952). 

Although the number of cases in which onset and duration of action are at all 
pinpointed in time is almost exclusively restricted to LANDAUER’s work, our 
recent studies of the dachs gene (Crary and Sawin 1958) have demonstrated 
quantitative changes which in this case at least suggest a more extensive effect 
of the gene in time than has been demonstrated in any previously described case. 
The importance of differential species patterns of development has been sum- 
marized by LANDAUER (1952). These suggest the importance of study of dissimi- 
larities of the normal and abnormal growth patterns in time. LANDAUER has 
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particularly called attention to the fact that the differential response of anterior 
and posterior extremities in the case of the brachypod mouse is a function of the 
normal developmental pattern of higher vertebrates. We have been able to show 
what seems to be a consistent pattern of regional differentiation of vertebrae 
particular to the rabbit, which is varied by race (SAw1n and Crary 1956) and 
also in time if comparison is made of a fetal (22 day) population with the adult 
(Crary, SAWIN and ATKINSON 1958). 

This paper reports effects of the dachs gene observed at 21 days. It confirms 
our previous observation at 22 days that the reduction apparent in the adult dachs 
is already present in the fetus. It further shows that differences in bone measure- 
ments between two populations taken during this 24-hour interval (21 and 22 
days) provide a clue as to the time of onset of gene activity. These observations, 
compared with those taken in newborn young at 31 days (Rarrertry 1956) and 
with those of the adult, determine in time and place the limits of the dachs gene 
activity which are critical to bone growth. 


MATERIALS AND METHODS 

Sixty-one rabbit fetuses, classified by ear type (Crary and Sawin 1958) as 
ten dachs (DaDa), 34 heterozygotes (Dada), and 17 normals (dada) were 
taken by Caesarian section at 21 days postcopulation. As in our previous studies, 
they were fixed in aceto-formalin alcohol for 15 minutes, macerated in one per- 
cent KOH, stained with alizarin, and cleared in 70 percent glycerine and alcohol 
(equal parts). These fetuses were classified by ear type only, as none of the 
measurements taken segregated into three nonoverlapping groups. 

Ninety-one measurements of length and width of skull, vertebrae, and limb 
bones were made using a binocular microscope. A 9X ocular and 3 objective 
were used for vertebrae and limb bones, a 1 objective for skull bones. Excep- 
tions were certain humeri, too long to be seen in one field. and frontal and parietal 
bones. These were measured with compass and mm rule to the nearest half mm. 
After computation, means were converted to mm for skull and limb measure- 
ments and to tenths of mm for vertebrae, with standard deviations adjusted 
accordingly, so that they would be comparable with measurements at 22 days 
(Crary, Sawin and Atkinson 1958). Lengths were taken along the longitu- 
dinal axis and widths at the anterior end with the exception of parietal, scapula, 
ilium, and ischium, which were measured at the point of greatest width perpen- 
dicular to the longitudinal axis. Significant differences between the three groups 
were determined by both F and t tests of variance. Incidence of centra and neural 
arches was noted and the percents of those present were graphed by genotype. 
Measurement of neural arches is not feasible because of irregularity of shape. 


RESULTS 

Body weight: The mean weights of the fetuses of this study are shown in Table 
1, together with the standard error, variability, and significance. In contrast to 
previous observations made at 22 days and at postlactation ages where between- 
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TABLE 1 


Mean fetal weights (gm). standard deviations (S.D.), variability (C.V.), and tests of variance in 
the three genotypes segregating from heterozygous parents (Dada) 











DaDa Dada dada 
Number 9 34 16 
Mean 5.02 5.16 5.31 
S.D. 0.39 0.70 0.53 
C.V. percent 7.77 13.57 9.98 
DaDa vs. Dada DaDa vs. dada Dada vs. dada 
SE 0.23 0.25 0.18 
t 0.61 1.16 0.83 
F n.s. 





genotype differences are highly significant, at 21 days the differences of approx- 
imately five percent between dachs and normal and three percent between dachs 
and heterozygote are not statistically significant. 

Skull: Examination of the percent difference in length and width measure- 
ments of the skull bones (Table 2) of homozygous dachs (DaDa) and normal 
(dada). column 5, shows that most of the differences are small (less than ten 
percent), and in a surprising number of cases measurement of the dachs is 
greater than normal. 

Of the endochondral bones. only the basioccipital is significantly smaller 
(p = <.01). It is noticeably misshapen compared with both normal and hetero- 
zygote and by measurement is reduced more than 20 percent from normal in 
both length and width. The basisphenoid is not ossified in some individuals of all 
three genotypes and its size when present is quite variable. This probably ac- 
counts for lack of any significant difference. Presphenoid at this age is not 
ossified. 

Of the membrane bones, the frontal bones of dachs show the greatest effect. 
They are reduced by 30 percent over normal for length (p = <.01) and by eight 
percent for width (p = <.05). Heterozygotes are slightly larger than normals. 

Mandible depth of dachs is less by eight percent than either normal or hetero- 
zygote. The interparietal is the only other skull bone to show a significant effect 
at this age. However, it is not ossified in any dachs, and not in all normals or 
heterozygotes. In those heterozygotes which are ossified it is nearly ten percent 
wider than the normals (p = <.01). 

The variability in measurements of these bones (CV, columns 2, 3, and 4, 
Table 2) is high as compared with that in either adults or 22-day fetuses. (See 
SAwIN and Crary 1957; Crary, Sawin and ATKrnson 1958.) On eight of the 21 
measurements (four lengths, four widths) the ossification centers of the dachs 
are larger than the normal. In ten cases (six lengths and four widths) the hetero- 
zygotes are larger than either homozygous group. Thus it appears that in the 
skull almost a third of the differences between the dachs and normal are positive 
rather than negative. The significant differences are few and highly localized 
in the basioccipital and adjacent bones. 
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Vertebrae 

a) Incidence of ossification centers: At 21 days, ossification of the vertebrae 

is well started but still incomplete. From 10-20 percent of individuals are lacking 


some ossification centers of the neural arches or centra, or both (Figures 1 and 2 
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Fi:;ure: 1.—Incidence of centers of ossification of neural arches 


This transitional state affords a ready qualitative means of assessing the relative 
effects of the dachs gene or any other genetic or environmental influence upon 
the vertebrae at this time. In this case, a comparison of Figures 1 and 2 with 
Figures 2A and 2B of Sawin and Crary (1956) shows that with respect to inci- 
dence of ossification centers of neural arches and centra all three genotype popu- 
lations of the Dachs race are equal to or more advanced than the two other rabbit 
races III and X and in some respects they are advanced over IIIc, the most ad- 
vanced of the races previously described. Incidence of ossification centers of 
centra of Dachs populations, normal. heterozygote, and homozygote, is more 
advanced in the thoracolumbar region than in IIIc, but more retarded in the 
cervical and thoracic regions. This should be kept in mind with reference to the 
quantitative observations described below. Further, it will be seen in Figures 1 
and 2 


that the retardation induced by the DaDa genotype is greater in neural 
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Figure 2.—Incidence of centers of ossification of centra. 


arches than in centra. In fact, the dachs (DaDa) as a group show a higher inci- 
dence of centra ossified from vertebrae 5—11 than is found in either normals or 
heterozygotes, but posteriorly, at vertebrae 25—28 (sacral), the incidence is less, 
thus indicating a differential effect on neural arch vs. centra development and 
accelerated development anteriorly in the centra, whereas retardation is preva- 
lent elsewhere. 

(b) Measurement: The mean lengths and widths of ossified centra of the three 
genotypes at 21 days are shown in Figures 3 and 4 respectively. Here there are 
two striking observations. First is the relatively close equivalence of mean verte- 
bral values of the dachs and normals. Actually. there are ten dachs vertebrae 
(1, 2, 4, 10, 12, and 15-19) which are longer than normal and three (1, 2, and 
9) which are wider. Only three vertebrae (6—8) show the characteristic retarda- 
tion in length observed in the dachs at later stages of development (p = <.05) 
and three vertebrae, 3 and 13 (p = <.05) and 6 (p = <.01) show retardation 
in width. All differences in which the dachs measurements are less than in 
normal genotype are in regions of relatively low incidence of ossification (com- 
pare with Figures 1 and 2). These are the same regions which in all rabbits tend 
to be relatively retarded. The Da gene thus tends to enhance normal retardation 
processes. The second observation is that nearly all heterozygous measurements 
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Figure 3.—Length of ossification centers of the vertebral centra. 


(26 of the 29 for length, and 27 for width) are greater than normal. The signifi- 
cantly greater values for length are vertebrae 2—5 and a cluster (vertebrae 11, 
14, and 16-18) centered around vertebra 15 (see Figure 1), and for width verte- 
brae 2 and 9. Since vertebral size of the heterozygote is in a general way large in 
relation to the normal, it is also relatively much larger with relation to the dachs. 
The most significant values in this case. as shown in Figure 1, tend to be centered 
anteriorly in the thoracic region (vertebra 6 for length and width), but they 
also extend more posteriorly. Length shows the largest number of significant 
differences. 

Of further and particular interest is the fact that in the dachs (DaDa) the 
ossification observed on vertebra one. which is actually the ventral arch, there 
being no centrum in the atlas, is more advanced (both length and width) than 
in the normal, and is greater in the heterozygote than in either homozygote, 
whereas all vertebrae posterior to vertebra 20 are less than normal. This dif- 
ference is greatest in vertebra 21. 

Thus, as in the skull, the significant effects of the dachs gene on the vertebrae 
at this age are relatively small and highly localized, particularly in the homo- 
zygote. Likewise, as in the skull, variability is high and almost as often differ- 
ences are positive as negative. Further. and most interesting. is the fact that so 
many heterozygous measurements are greater than those of either homozygote. 

The significant differences are clustered anteriorly in both length and width, 
whereas at 22 days a larger proportion were found more posteriorly. 
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Ficure 4.—Width of ossification centers of the vertebral centra. 





Limbs: As in the skull and vertebrae, some of the skeletal units are signifi- 
cantly affected by the Da gene but others are not. In general, the proportion of 
limb measurements affected is greater than in skull and vertebrae and there is a 
high degree of localization. The significant length differences between dachs and 
the other two genotypes are confined to the girdles and the distal limb bones 
(ulna, tibia, and fibula) (Tables 3 and 4), whereas the intervening humerus 
and femur are relatively unaffected. As indicated by the relative or percent reduc- 
tions (column 5) and significance of differences (column 6) the effect seems to 
be more proximal in the fore limb than in the hind limb. Both clavicle and 
scapula are affected (p = <.01) but of the distal bones, only the ulna. In the 
hind limbs the ischium, which is present in only a very few of the dachs at this 
age, and the femur are unaffected, but both tibia and fibula are significantly 
affected (p = <.01). A similar situation is found for width, but the pattern of 
localization is not the same. In the fore limb scapula and humerus are signifi- 
cantly reduced by the Da gene (77% and 20% respectively) whereas clavicle, 
radius, and ulna are not. The pattern is thus the reverse of that of length. It is 
also noteworthy that the heterozygous ulna tends to be wider than either homo- 
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zygote. In the hind limb, the ilium, femur, and tibia are reduced in width in the 
dachs, but the proximal ischium and distal fibula are little affected. 

When compared with the 22-day stage (Crary, SAwIn and ATKINSON 1958), 
it appears that the patterns in both length and width are closely similar, but as 
in skull and vertebrae, the 21-day development is less generalized and because 
of this the localized reductions are more pronounced. 


DISCUSSION 


The pattern of the statistically significant reductions of the endochondral 
bones of the skull, vertebrae, and limb measurements induced by the Da gene is 
closely similar to that found in the 22-day fetuses previously reported. It differs. 
however, in two conspicuous ways. First, throughout the skeleton and particu- 
larly in the vertebrae there are fewer significant reductions, and many of the 
variations are in a positive rather than negative direction. This, together with 
the fact that fetal weight of the dachs is not significantly reduced as compared 
with normal homozygotes, indicates a relative absence of the generalized effects 
of the gene at this time. It renders the localized pattern all the more apparent. 
Either the retardation effects of the gene have been slight up to this age and be- 
come manifest first in the localized areas, or if any substantial effect has been 
induced earlier it has been corrected by some sort of cyclic acceleration of local- 
ized parts of which as yet we know nothing. Until further information is avail- 
able it seems logical to conclude that 21 days is close to the time of the initial 
effect of the Da gene. Considering that the life span of the homozygous dachs is 
nearly normal, as compared with the early lethality of other disproportionate 
dwarfs, at least one of which (Creeper) is known to be initiated as early as the 
first several days of development, late initiation of dachs effect is not surprising. 

The second major difference in the reduction pattern induced by the Da gene 
at this age as compared with that of 22 days is in the relative position of the 
statistically significant localized reductions. Comparison has already been made 
of the differences in pattern between 22-day fetuses and the adult. We are now 
able to consider the 21 day fetus and, by reference to the work of RAFFERTY 
(1956), the newborn fetus of 31 days. 

Reduction in the adult skull is centered on the basisphenoid and basioccipital 
(endochondral) bones, with membrane bones, except for the nasal. relatively 
unaffected. At 31 days and at 22 days reduction is more generalized, with local- 
ized effects more specifically on the occipital complex and the frontals. At 21 
days, the generalized effects are not yet developed and the basioccipital and 
frontal are the significantly reduced skull bones. Thus. there appears to be a 
tendency for the reduction effects to be shifted slightly anteriorly with age in 
endochondral bones and secondarily in membrane bones. 

As shown in Figure 3 the significant reductions for vertebral length in the 
dachs at 21 days are in vertebrae 6-8. At 22 days (Crary and Sawin 1958) they 
are in two clusters, one on cervical vertebrae 3, 5, and 6; the second on thoracic 
and lumbar vertebrae 13-28 (with two exceptions, 14 and 18) a situation which 
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is approximately the same at birth (31 days). In the adult, however, the more 
anterior cluster of significant differences has enlarged by involving additional 
vertebrae posteriorly and the 13-28 cluster is reduced by five vertebrae, none 
involving 18-28. Thus the same sort of groups of significant reductions of verte- 
brae have tended to persist into the adult, although there has been readjustment 
in growth and development in such a manner as to involve slight different 
member vertebrae in the clusters. The nature of this readjustment has tended to 
shift both clusters more posteriorly in their relative anteroposterior levels. 

A similar sort of pattern change occurs with respect to width of the developing 
centra. One cluster of centra showing significant differences is initiated in the 
thoracolumbar region at 21 days with vertebra 13. At 22 and 31 days this cluster 
is considerably increased to involve vertebrae 15—25 (thoracolumbar in position). 
In the adult it becomes centered on vertebra 25. A second significant cluster of 
vertebrae showing retardations in width is initiated anteriorly (vertebrae 3 and 
6) at 21 days, is about the same at 22 days (vertebrae 2-7), and disappears com- 
pletely by birth. It is also missing in the adult population. 

In the limbs of the dachs there are similar significant changes in what for 
convenience may be referred to as a two-group pattern, one group of reductions 
tending to be initially centered proximally and the other distally. These are 
portrayed diagrammatically in Figure 5 with the percent reductions of length and 
width indicated for each unit and underlined where significant. In the fore limbs, 
lengths of clavicle and scapula at 21 days are reduced 17 percent and 45 percent 
respectively, and ulna 28 percent. Humerus (one percent) is unaffected. By 22 
days all but clavicle are significant. (The same is true at 31 days, including 
metacarpals, which now are ossified). In the adult all lengths are significantly 
reduced. Thus the pattern of reduction established in the 21-day fetus is elabo- 
rated upon and with the exception of clavicle is perpetuated into the adult. The 
fact that clavicle reduction declines and is absent at birth, but reappears in the 
adult, may not be of significance in view of its relatively small size. The pattern 
for width is quite different. Only scapula and humerus show significant reduc- 
tions at 21 days, to which is added radius at 22 days; ulna, but not radius, at 31 
days. What is most interesting is that in the adult there are no significant reduc- 
tions except in scapula. In other words, normal widths have been recovered in all 
but the one case. Similar sorts of pattern can be seen with respect to the hind 
limb, those of length tending for the most part to persist; those for width to 
flourish up to birth and then to decline, so that in the adult the significant retard- 
ations are in the ilium and femur. The effect in the latter seems obviously sec- 
ondary and compensatory (Sawin and Crary 1957). It is also particularly 
significant that the pronounced retardations have occurred relatively early and 
quickly, around 21 and 22 days, and that the greatest reductions in both length 
and width later become less pronounced around the time of birth. In the limbs 
the pattern of change with age appears more complex than in the vertebrae, but 
certain specific generalizations can be made. 
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These changes in the relative pattern of manifestation of reduction effect of 
the dachs gene fit the general conclusion of LANpAuER, “that such genes act 
upon certain fundamental dissimilarities of normal growth patterns which 
amount to the preservation of infantile or fetal proportions,” to the extent that 
the retardation in length of the long bones, manifest as early as 21 days post- 
copulation, does seem to be perpetuated and enhanced in the adults. They do 
not compare. however, with respect to width which is determined by periosteal 
bone growth, and apparently does not come under quite the same reduction in- 
fluences. Reduction of longitudinal bone growth is a characteristic typical of dis- 
proportionate dwarfs and is usually attributed to a defect in endochondral devel- 
opment. Reduction of lateral growth is not considered typical, but does cccur in 
some cases as in the Dachs. It may be a reduction of the periosteal growth, but as 
such it is unlikely that it is the same process as that affecting longitudinal reduc- 
tion since it is not correlated in point of time. In those cases in other species where 
width of bone is increased it has been regarded as a secondary or compensatory 
effect, evidence for which is also present in the skull and femur of the dachs as 
already suggested (SAw1Nn and Crary 1957). LANDAUER (1952) interpreted the 
differential patterns of the extremities of the Creeper fowl, Ancon sheep, and 
brachypod mouse as occurring on the basis of a “pattern of development peculiar 
to higher vertebrates, the nature of which is unknown.” In those cases, the major 
differential is that between fore and hind limb, the latter being the most reduced. 
The same seems to be the case with the human disproportionate dwarf (KN6TzKE 
1929) and with “phocomelia” of the mouse (GLUECKsSGHN-WAELSCH et al. 1956). 
With the dachs rabbit it is significant that the greater quantitative effect is in the 
fore limb. This observation tends to minimize the significance of a generalized 
vertebrate pattern and directs attention to the species pattern. Each of the species 
disproportionate dwarfs has a slightly different pattern in the limbs. In the 
Creeper fowl there is a proximo-distal gradient of increased reduction. whereas in 
the brachypod mouse, dachs rabbit, and Ancon sheep the differential effects con- 
cern different localities of the limb, and may be localized at one or two points. In 
the brachypod and dachs mutations the effect is greater proximally and (to a 
lesser extent) distally in the terminal segments. In the Ancon they are greater 
distally (LANDAUER and CHaneG 1949). Similar localized differentials have been 
noted in vertebrae as well as limbs in other species, although they are not as 
prominent as in the limbs. CHane (1949) showed evidence of them in the lumbar 
vertebrae of the Ancon, where they are accompanied by scoliosis and fusion, and, 
as in the dachs, also in vertebrae 1 and 2, although less pronounced. They are also 
reported by KnérzKE (1929) in the lumbar region of man, which is broader 
than normal. 

CuHANG also observed localized differentials in the Ancon skull; Srockarp 
(1941) found they constitute a very prominent part of the skull pattern of the 
dachshund as compared with other breeds, and JULIAN et al. (1957) observed 
them in the “short headed” variety of disproportionate dwarfs in cattle. In the 
latter case, premature fusion of the spheno-occipital synchondrosis is a typical 
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accompaniment, and this is not uncommon in the dachs. The complexity of 
morphological relations in the skull are three dimensional and therefore more 
complex and more difficult to analyze in a manner which will identify or define 
the basic dimensional process involved. 

Localized differential patterns are not confined to disproportionate dwarfism, 
however. PyLe and Sontac (1943); Francis, Were, and BeHm (1939); and 
Crary and Sawin (1949) have shown that they occur in the normal patterns in 
time of onset of ossification of the epiphyses of endochondral bones. In these 
patterns, two features have been conspicuous to several investigators. First is the 
fact that although relative age at onset of ossification of each bone may vary in 
relation to that of its neighbors, the order or pattern in which they appear tends 
to be the same for each species; second, the order of union of epiphyses with the 
diaphyses tends to be the reverse of the order in which they first appear. Thus 
there appears to be a curious interrelationship between the species pattern and 
time. That the pattern actually changes in time and is under physiological in- 
fluences of external origin has been noted by Martin (1928), and ScamMon 
and CaLkins (1929) in man and by LaNnpAvER (1952) in the chicken. In man 
the ulna-humeral indices rise during the fetal period, and decline between birth 
and maturity, whereas in the chick the pattern is reversed, declining prior to 
hatching and increasing thereafter. It appears that the general nature of the 
pattern changes of the disproportionate dwarf genes tends to be similar. whereas 
the specific patterns of the changes induced by the several genes are almost as 
varied as are other differences between the species in which they arise. Whereas 
LANDAUER (1952) has contended that such differential patterns of development 
of disproportionate dwarfs are functions of the normal development of higher 
vertebrates, from the above comparisons we are inclined to the belief that they 
occur as a result of the interaction with more specific patterns of development. 
Many of the differences in disproportionate patterns may be associated with 
species or race differences in pattern of development and some of the variations 
could possibly be associated with specific modifying genes. In view of (1) the 
close similarity in the syndrome of effects of so many disproportionate dwarf 
mutants. (2) their wide distribution among a number of species of domestic 
animals, (3) the numbers of them occurring in several species. and (4) the 
nature of the differences between them which essentially seem somehow closely 
related in time, it seems altogether likely that some of the differences are basically 
a function of the interaction with the genome in which the mutant appears to 
have occurred, or perhaps the time at which the gene begins to function. Whether, 
as LANDAUER also concluded. the gene action can be in all cases directly associ- 
ated with those parts whose growth rate is greatest at the time the gene action is 
initiated is not clear. It would seem that in the dachs the shift in significant values 
from one anteroposterior level to another in successive age groups, occurring as 
it does in the vertebrae, skull, and to a lesser degree in the limbs, would imply 
action over a longer period of time and even perhaps a specificity of action in 
time as affecting the two types of bone development. 
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The later masking changes noted in the dachs, particularly in width, have not 
been observed heretofore in the cases of the other disproportionate growth genes 
and this could well be due to the lack of critical material, either in those cases in 
which homozygotes are characteristically lethal or because the value of more 
extensive examination longitudinally in time, particularly in the axial skeleton, 
has not been recognized and carried out. 

Transposition of the reduction effect of a specific gene as modified in time 
which by its action is here demonstrated to mask some of its earlier effects offers 
a possible mechanism of gene activity which, if investigated further, may account 
for some of the sporadic and congenital variations of the morphologist and aid in 
explaining some of the threshold or quasicontinuous variations of the geneticist. 

The fact that so many genes inducing disproportionate growth display the 
same sort of generalized pattern and primarily seem to differ only in the rela- 
tively greater expression of certain different localized portions of that pattern 
indicates some common element in the processes necessary to their fulfillment. 
The special pattern of growth characteristics induced by the Da gene, which 
seems in marked contrast to the early lethality of the Creeper fowl and some 
other disproportionate dwarfs, together with those of the recessive lethal achondro- 
plasia ac, primordial dwarfism (nanosoma vera) Dw, and with the specific racial 
differences in growth pattern now available in the rabbit (Sawrn nd Crary 
1956) would seem to offer an unusual opportunity for analysis of possible genetic 
agencies bringing about changes in relative size. 


SUMMARY AND CONCLUSIONS 


This study concerns the body weight and skeletal measurements of 61 rabbit 
fetuses of age 21 days postcopulation. They were derived from parents which 
were heterozygous for the dominant gene Da which induces a chondrodystrophic 
type of disproportionate growth and hence fall into three distinct genotypes 
identified by ear type. Four of the seven mothers had contributed to similar pop- 
ulations of 22 day fetuses previously described. The homozygous dachs popula- 
tion, DaDa, at 21 days shows a remarkable absence of the generalized reduction 
of both body size and skeletal measurements, particularly length of centra, ob- 
served at 22 days. This difference. together with the relatively high incidence of 
ossified vertebral centra for this age (compared with the other genotypes) seems 
to indicate that 21 days is in close proximity to the time of initial effects of this 
gene. It also brings into relief the closely similar pattern of localized reduction 
effects of the gene to that recorded previously for 22-day fetuses and adults. Its 
deviations at this age away from the adult pattern, together with the shifts in 
anteroposterior levels of significant reductions in the adult which tend to mask 
certain of the fetal characteristics. are discussed in relation to the patterns of 
disproportionate growth by other genes in other species, the whole of which 
points to the tentative conclusion that the dachs is a gene whose effects are initi- 
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ated relatively late in fetal life, but once induced linearly they continue well 
toward maturity; whereas laterally they become masked at some time in post- 
natal development. 
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N Zea mays there are two different types of chromosome 10, distinguishable 

not only on the basis of their morphology but also by the fact that one segre- 
gates preferentially at megasporogenesis and the other does not. The present 
investigation is concerned with the behavior of two modified chromosomes de- 
rived from an abnormal 10 which exhibits the phenomenon of preferential 
segregation. 

LoncGuiey (1937, 1938). working with strains of Zea mays from southwestern 
United States and Mexico, found an exceptional form of chromosome 10, known 
as the abnormal 10. According to RHoapes (1942, 1952), this chromosome differs 
from the normal 10 in the chromomere pattern of the distal region of the long 
arm and by the presence of an extra segment attached to the distal end of the 
long arm. The extra segment of chromatin consists of (1) a proximal euchro- 
matic region, (2) a large heterochromatic segment, and (3) a distal euchromatic 
region. Figures 1—3 illustrate pachytene configurations of the knobbed and knob- 
less homologues. It will be seen in Figures 1 and 2 that the abnormal 10 possesses 
three prominent chromomeres in the distal one sixth of the long arm which are 
not present in the normal strain (Figure 3). It should be also noticed that there 
is another less conspicuous chromomere near the base of the knob (Figure 2). 
The normal chromosome is shorter in length than the abnormal 10. In plants 
heterozygous for normal and abnormal 10, pairing of the normal strand ends in 
the region between the most distal of the three prominent chromomeres and the 
chromomere close to the knob. 

In 1942 Ruoapes discovered that this abnormal chromosome 10 segregated 
preferentially at megasporogenesis in plants heterozygous for a normal and an 
abnormal 10. He found, among the progeny of backcrosses in which the ab- 
normal 10 carried the r locus (one unit from knob) and normal 10 the R locus, 
approximately 70 percent of the abnormal type (r) instead of the expected 50 
percent. Evidence was also obtained by Ruoapes (1952) that preferential segre- 
gation of the knobbed chromosome occurred only when the two homologues were 
heterozygous for the knob. In plants homozygous for the abnormal 10 and hetero- 
zygous for the marker gene R. he found random segregation of the knobbed 
chromosomes 10. From these tests RHoaApeEs concluded that the causative factor 
or factors for preferential segregation are located either in the region of the 
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56), and from the National Science Foundation (1956-58). 

* Present address: Department of Plant Breeding, Cornell University, Ithaca, New York. 











626 M. H. EMMERLING 


dissimilar chromomeres or in the knob of the abnormal chromosome 10. Another 
possibility is that the euchromatic portion of the extra chromatin in abnormal 10 
might be responsible for preferential segregation. 

In this connection RHoapes’ and ViILKOMERsON’s (1942) cytological studies 
of abnormal 10 are of importance. They found that abnormal 10 was responsible 
for the formation of neocentromeres (or secondary sites of centric activity) in 
chromosomes other than abnormal 10 when one of the two chromatids of a non- 
homologous dyad had a knob. More important still, the chromosome segments 
possessing neocentromeres move precociously to the poles. As a consequence, 
chromatids possessing neocentromeres reach the poles before those without. Neo- 
centromeres occurred in plants both heterozygous and homozygous for the 
abnormal 10, but the extent of neocentric activity was less in heterozygous 
plants. 

In 1952 Ruoapes proposed the following scheme to account for the origin of 
neocentromeres: (1) in the presence of abnormal 10. the true centric regions 
yield a surplus of chromosomal fiber substance which is extruded from the centric 
regions of abnormal 10 and other non-homologous chromosomes and flows along 
the chromesomes until it comes in contact with a knob; and (2) in the presence of 
a knob this excess centric substance forms neocentromeres from which super- 
numerary fibers arise. According to Ruoapes the knobs either stimulate neo- 
centric activity or havea special affinity for this substance. 

In view of the evidence that the abnormal chromosome 10 causes the formation 
of neocentromeres and concurrently produces the phenomenon of preferential 
segregation, it has been postulated by Ruoapes (1952, 1955a) that the two are 
intimately related. He suggests that two events are essential for the occurrence of 
preferential segregation namely, crossing over and neocentric activity. 

As a consequence of crossing over between the centromere and the knob in 
plants heterozygous for abnormal 10, heteromorphic dyads are formed, of which 
one chromatid is knobbed and the other is knobless. At anaphase I the knobbed 





Ficures 1-6.—Represent different forms of chromosome 10 at pachynoma. 

Ficure 1 is the uncommon type of chromosome 10, known as abnormal 10. This figure, which 
was published in Ruoapes (1952), is homozygous for abnormal 10. Note the three prominent 
chromomeres in the distal one sixth of the long arm, the large knob, and the euchromatic strand 
distal to the knob. Figure 2 shows a normal knobless 10 paired with the abnormal 10. The last 
chromomere (indicated by an arrow) is included in both of the altered chromosomes which are 
shown below. Figure 3 is the common type of chromosome 10, known as normal or knobless 10. 
Note that the three prominent chromomeres of the abnormal 10, as well as the knob and distal 
euchromatic thread, are not found in the knobless strain. This figure was obtained from 
Ruoapes (1954). Figure 4 shows a ring chromosome for abnormal 10. This ring lacks a 
small portion of the short arm, approximately one half of the knob, and the entire strand distal 
to the knob. Figures 5 and 6 represent two modified abnormal chromosomes 10 which originated 
from the ring chromosome. Figure 5 is homozygous knob° (K°). This chromosome possesses the 
three characteristic chromomeres of the abnormal 10 but is deficient for the entire knob and distal 
euchromatic strand. Note that the next to last chromomere of the long arm is the one shown by 
an arrow in Ficure 2. Figure 6 is homozygous knob* with the three prominent chromomeres of 
abnormal 10. This chromosome lacks a portion of the knob and the strand distal to the knob. 
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chromatid of the dyad moves to the pole more rapidly than the knobless one since 
the knobbed chromatid possesses neocentromeres. As a result the knobbed 
chromatid lies nearer to the pole than does the knobless one. This orientation is 
maintained until the second metaphase stage of megasporogenesis where the two 
spindles are arranged in tandem. At anaphase II the knobbed monads pass to the 
terminal poles while the knobless monads migrate to the inner poles. In maize 
only the basal cell survives to form the functional megaspore. Consequently, the 
knobbed chromosome is expected to be recovered more often than its knobless 
homologue, since it moves precociously to the terminal poles. On this hypothesis, 
therefore. preferential segregation takes place only when crossing over occurs 
and if neocentromeres are present. 

Before discussing the evidence that supports the foregoing hypothesis of prefer- 
ential segregation, it is necessary to consider one other aspect of abnormal 10. 
The work of Lonctey (1945) demonstrated that knobbed chromosomes other 
than abnormal 10 segregated preferentially at megasporogenesis when the plants 
were heterozygous for abnormal 10. It was shown that non random segregation 
occurred only if the non-homologous chromosome was heteromorphic, as was the 
case for abnormal 10. He analzed preferential segregation of chromosomes 6 and 
9. RHoapes and Dempsey (1957) reported that non random segregation occurred 
in plants heterozygous for knobbed chromosomes 3 and possibly 8. In other 
experiments Ruoapes (1955b) and Ruoapes and Dempsey (1957) showed that 
preferential segregation of knobbed chromosome 9 marked with the wd charac- 
ter not only took place in plants heterozygous for abnormal 10 but also in 
homozygous plants. 

In 1942 Ruoapes reported that the extent of preferential segregation depended 
on the map position of the locus. Subsequent experiments by RHoapes and 
Dempsey (1957) have confirmed and extended the data. They found that loci 
more distant from the centromere and closer to the knob underwent a higher 
degree of preferential segregation than did loci less favorably situated. 

More recently Ruoapes (1958) presented supporting evidence for the relation 
of crossing over to preferential segregation. This experiment was performed by 
using a structural abnormality in the short arm of chromosome 9 which was 
known to cause a great reduction in the normal amount of crossing over. On his 
hypothesis that preferential segregation occurs only when crossing over takes 
place, it follows that any event reducing the normal frequency of crossing over 
would also reduce the degree of preferential segregation. This proved to be true 
in tests of plants heterozygous for abnormal 10 with the structurally modified 
chromosome 9 marked with the yg locus, which is situated near the terminal 
knob on 9S, and the knobless homologue marked with the Yg allele. The control 
data showed 65.2 percent preferential segregation of the knobbed chromosome, 
while the data of modified-9/knob-9 compound exhibited only 54.7 percent 
preferential segregation of the knobbed chromosome. These data show beyond 
doubt that preferential segregation is greatly affected by the amount of crossing 
over. 
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Recently KrkKupoME (1958), who studied the effects of heterozygous abnormal 
10 on preferential segregation of chromosome 9, found that the degree of prefer- 
ential segregation was greatly influenced by the size of the knob on chromo- 
some 9. 


Source of modified chromosomes 10 


It was reported in a previous study (EMMERLING 1955) that a large ring 
chromosome involving nearly the whole of abnormal 10 was produced in the 
progeny of plants exposed to an X-ray dosage of 400r units (Figure 4). As is 
shown schematically in Figure 16A, the initial break points must have occurred 
close te the distal end of the short arm and within the knob, so that the ring 
chromosome included approximately one half of the knob and the three promi- 
nent chromomeres of the long arm of abnormal 10. As a result, the ring chromo- 
some is deficient for the distal part of the knob, the euchromatic segment distal 
to the knob, and the tip of the short arm. With the exception of the latter de- 
ficiency, the segment lacking in the 10L region of the ring does not represent a 
true deficiency for this is extra chromatin not present in a normal knobless 10. A 
number of ring/rod heterozygotes were examined at pachynema in order to 
determine the extent of the deficiency in the region of the “short arm” of the ring. 
A deficiency was not found. In each figure the homologous rod chromosome was 
paired in its entire length with the ring chromosome. However, it must be 
assumed that the ring chromosome possesses a small deficiency at the distal end 
of 10S, since two broken ends are necessary to produce a ring-shaped chromosome. 

In the backcrossed progeny of plants heterozygous for the ring chromosome 
carrying R’ (colored seed and plant) and the normal rod homologue carrying 
r’ (colorless seed and plant). a number of exceptional plants occurred which 
exhibited stable plant color. Ordinarily, plants of ring-R’/rod-r? constitution show 
variegated plant color, due to the unstable behavior of a ring chromosome. Cyto- 
logical analysis of these exceptional plants revealed that the ring chromosomes 
had been converted to stable rods. 

Scuwartz (1953), who encountered a similar situation in a ring-6/rod hetero- 
zygote, suggested that the ring to rod conversion arose as a consequence of cross- 
ing over in the heterozygote. If the dicentric chromatids produced by crossing 
over broke at anaphase, the broken ends would heal to form stable rods. A num- 
ber of Drosophila workers (Morcan 1933; SrurTEvANT and BEADLE 1936; No- 
virskI 1951) have obtained similar results following crossing over in ring/rod 
heterozygotes. 

Such a scheme could account for the origin of the stable rod chromosomes re- 
ported herein. Figure 16B shows only one of the four possible types of crossovers 
that would result in the production of a dicentrid chromatid at the anaphase I 
stage. Chromosomal bridges may also arise from both types of 3-strand and from 
4-strand double exchanges. As shown in Figure 16B, a single crossover either in 
the long or short arms gives rise to a single chromatid bridge at anaphase I which 
is expected to break at telophase I (McCiintock 1938). The position of the 
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break may occur at any point between the two centromeres of the dicentric 
chromosome, producing both deficient and duplicated derivatives. McCLintock 
(1941) has shown that the broken ends of the two newly formed chromosomes 
heal in the embryo to form stable rods, while in the endosperm they continue 
the bridge-breakage-fusion cycle. 

30th duplicated and deficient rod chromosomes arose from the ring-10 hetero- 
zygote, of which only two will be considered in this paper. One of the modified 
chromosomes originated from breakage of the anaphase bridge at position 1 (Fig- 
ure 16B). This chromosome which will be referred to as knob° (or K°) includes 
all that is present in the long arm of an abnormal 10 except for the knob and the 
distal euchromatic segment (Figure 16C, Figure 5). That is, the K° chromosome 
possesses the three adjacent chromemeres characteristic of an abnormal 10 and 
the strand distal to this which terminates at the base of the knob. Since the K 
chromosome lacks the knob of abnormal 10, it could be confused with a normal 
knobless chromosome 10 in homozygous K° plants if it were not for the presence 
of the three prominent chromomeres (see Figures 3 and 5 for comparison). The 
K° chromosome is apparently free from a gross aberration either in the distal 
region of the short arm or in the region proximal to the last deeply stained chro- 
momere of the long arm. Several pachytene figures of K° paired with its normal 
knobless homologue or with an unchanged abnormal 10 failed to reveal either a 
deficiency or duplication. 

A second type of modified abnormal 10 originated from breakage of the ana- 
phase bridge at position 2 (Figure 16B). This chromosome which is designated 
knob* (or K*) possesses the region of the dissimilar chromomeres and approxi- 
mately one half of the heterochromatic substance (Figure 16D and Figure 6). It 
differs from an unchanged abnormal 10 by the absence of part of the knob and 
the chromatin distal to the knob. and from the K° chromosome by the presence of 
about one half of the knob. The paired regions of normal 10 and K* chromo- 
somes showed no indication of deficiency or duplication. This is important to 
note since the genetic data from tests of K* with various types of homologues are 
not in agreement with the cytological findings. The evidence for this will be dis- 
cussed later. 


Knob symbols 


A summary of the knob symbols that will be used for chromosome 10 in the 

first section of this paper is as follows: 

&10— anormal knobless chromosome (Figure 3). 

K 10— an unchanged abnormal 10 (Figures 1 and 2). 

K°10—a modified abnormal chromosome which is deficient for the entire 
knob and distal euchromatic strand but possesses the characteristic 
chromomeres of an abnormal 10 (Figure 5). 

K*10— a modified abnormal chromosome which lacks part of the knob and the 
distal euchromatic strand (Figure 6). 

In the second section the following symbols with the chromosome number will 
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be used to describe the type of knob at the distal end of the short arm of chromo- 
some 9. 
k 9— a normal knobless chromosome. 
k (wd)9—a knobless 9 associated with a minute deficiency at the distal end of 
the short arm. 


oOo knobbed chromcsome used by RuHoapes (1955b) and LONGLEY 
(1945). 
K* 9— a large knob employed in the present experiment (Figure 15). 


Viability test of K° and K* 


The transmission of the modified chromosomes through the pollen was tested 
by crosses of the type r k/r k x R modified-K/r k, in which the seeds heterozygous 
for the modified knobs were colored (Ar) while their knobless sibs were colorless 
(rr). The R locus is located approximately one to two crossover units proximal to 
the knob (Ruoapes 1942). In the absence of reduced male transmiss‘on, the ears 
should show equal frequencies of colored and colorless seeds. 

Ordinarily a test of this type provides an extremely sensitive screen to detect 
the slightest chromosomal abnormality. However, in the case of plants hetero- 
zygous for the modified chromosomes, the data are complicated by the fact that 
an unchanged abnormal 10 exhibits reduced transmission through the male 
gametes. In tests of type r k/r k X R K/r k, Ruoaves (1942) recovered only 42 
percent of abnormal 10 where 50 percent was expected. RHoapes (1942) corre- 
lates the lowered transmiss-on of the abnormal 10 through the pollen with the 
extra segment of the abnormal 10. postulating hyperploidy. 

In the present experiment the compound R K/r &, including an unchanged ab- 
normal 10, yielded 1125 Rr (K) and 1419 rr (4), or 44.2 percent K. Two differ- 
ent plants of the same stock were used as male parents. The data from the trans- 
mission tests of K* come from two different male stocks. One culture, in which 
four different pollen parents of R K*/r k constitution were tested, produced 1043 
Rr (K*) and 1570 rr (k), or 39.9 percent K*. The second culture, in which five 
d'fferent male parents were tested, gave 1685 Rr (K*) and 3105 rr (k), or 35.2 
percent of K*. The average frequency of K* transmission is 36.9 percent. In male 
transmission tests of K°, two R K°/r k pollen parents of one stock gave 1955 Rr 
and 2018 rr, or 49.2 percent K°. In another stock, four R K°/r k plants yielded 
1056 Rr and 10847 r, or 49.4 percent K°. 

Although these results show a decrease in the rate of male transmission of K* 
as compared with an unchanged abnormal 10, they do not justify the conclusion 
that the K* chromosomes carries a factor reducing transmission until more com- 
parable tests are made. The reason for this is that the above data come from two 
unrelated stocks. There is considerable evidence against the possibility of a seg- 
mental deficiency in the K* chromosome. If this chromosome possesses a gross 
cytological aberration, it might be expected that the pollen would exhibit a con- 
siderable amount of sterility. However, plants of K* & constitution showed only 8 
to 10 percent abnormal pollen which is about what Ruoapes (1952) found in 
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plants homozygous for abnormal 10. Furthermore, there is no evidence of ovule 
sterility in ears heterozygous for K*. In addition, the fact that the K* chromosome 
is viable in the homozygote also argues against a gross deficiency. Consequently 
while it is impossible at this time to disprove the existence of an aberration associ- 
ated with K*. there is ample evidence to show that K* has all the chromatin pos- 
sessed by a normal 10. However, in view of the genetic data to be presented in 
later sections, it is important to bear in mind the lowered transmission rate of 
the K* chromosome through the pollen. 

With the K° chromosome, the tests showed approximately normal transmission 
through the male gametes. These data are of interest since it has been demon- 
strated by Ruoapes (1942) that an unchanged abnormal 10 with the extra seg- 
ment exhibited lowered male transmission. Presumably the loss of only the knob 
and distal chromatin restored viability through the pollen. 

Additional evidence suggests that the K° chromosome is of normal constitution. 
The pollen examinations showed that abortion was not higher than in plants 
homozygous for normal 10; and the cytological observations failed to reveal any 
abnormality. Also, ears from both heterozygous and homozygous K° plants did 
not exhibit an appreciable amount of ovule sterility. 


Effect of KS and K° chromosomes on crossing over 

In view of the hypothesis that preferential segregation takes place only when 
crossing over occurs (RHoaADEs 1952), it is essential to test the effects of the two 
modified chromosomes on crossing over. It is expected on the basis of RHOADES’ 
experiment (1958) involving a structurally modified chromosome 9 that the 
degree of preferential segregation would be reduced if either of the modified 
chromosomes (K° or K*) is associated with an abnormality that reduces the 
normal amount of crossing over in chromosome 10. 

The effects of the K* and K° chromosomes on crossing over can be measured in 
the R-K (1-2 units) and G-R (14 units) regions of chromosome 10 and in regions 
to the left of g. At the present time data are available only from the G-R segment 
(Table 1). With the K* chromosome, the amount of recombination was 10.3 
percent which was lower than the expected frequency of crossing over in this 
region. Similarly with the K° chromosome, there was a reduction from 14 percent 
to 11.5 percent. Two possibilities may be mentioned as tentative explanations of 
the lowered frequency of recombination. The first is that the K* and K° chromo- 
somes are associated with an abnormality, causing a reduction in the normal 
amount of crossing over. As mentioned before, the cytological observations 
showed no evidence of a gross aberration. Alternatively, these differences could 
be explained as being due to variation since crossing over in the G-R region was 
found to vary markedly in normal stocks. With normal chromosome 10 (& 4), 
the frequency ranged from 11 percent to 24 percent (EMERsoN, BEADLE and 
Fraser 1935) while in stocks with heterozygous abnormal 10 (K k), 14 percent 
to 19.2 percent was found (RuHoapes 1942 and 1952). Ruoapes (1942) stated 
that the presence of the additional segment in abnormal 10 caused no decrease 
in crossing over in the g-R region. 
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Effect of KS and K® on crossing over in the G-R region in female gametes 
L & 


TABLE 1 








Cross Noncrossovers 
gR°KS/GrokxXgr¢k/same gR’ KS Grok GR’ Ks 

56: 353-14 35 35 2 

—10 87 82 7 

3 65 63 8 

-9 107 114 15 

—1 100 70 12 

—13 117 135 13 

—12 62 67 7 

—6 66 48 7 

Total 1397 639 614 71 

GR’ K°/gr°¢kxXgr9k/same GR’ Ke grvk g Rr’ Ke 

79:870-8 107 103 12 

—6 67 75 15 

—10 65 55 7 

—1 98 94 9 

—5 81 76 6 

—2 112 O+ 17 

—4+ 112 100 14 

Total 1400 642 597 80 
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Consequently, it is not possible to conclude with certainty, without further 
crossover data from sib comparisons of abnormal and modified chromosomes 10, 
that the K* and K° chromosomes cause a reduction in crossing over. 


A. Effect of modified chromosomes on preferential segregation for the R allele 

1. Tests of KS and K°® chromosomes with a knobless 10: The effect of the mod- 
ified chromosomes on preferential segregation was determined in backcrossed ears 
produced by pollinating female plants of R modified-K/r k constitution by r k/r k. 
The relative frequency of colored and colorless seeds was used to measure the 
degree of preferential segregation of the altered chromosomes. The results are 


presented in Table 2. 


The behavior of KS and K® when tested with a normal knobless chromosome 10 in crosses of 


292 RK (modified)/rk x 6 6 rk/rk 


TABLE 2 





Parental 


Knob type culture 

R K (unchanged) /r k 77:1661C 
R KS/rk 77:1661B- 
62C 

79:1051B 

Total 

R K°/rk 77: 1664A- 
D 


otal 


population 
3,397 
14,967 
25,147 


40,114 


10.278 


Numbers of 


Colored Colorless 


RK rk 
2,384 1.013 
7.433 7,534 

12.420 12,727 


19,853 20,261 


5,432 4,846 


Percent 


x" 


50:50 


0.96 


33.42 
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K* k Test: Plants of R K*/r k type gave approximately 49.5 percent of K* in 
separate experiments, conducted during two growing seasons. This percentage 
does not differ significantly from 50 percent (p = 0.5—0.2). Control data from a 
clesely related stock had exhibited 70 2 percent of abnormal 10. 

The apparent absence of preferential segregation in K* k heterozygotes cannot 
be satisfied by a simple hypothesis, since the evidence presented here are incon- 
sistent with data to be given in later sections. However. if these data are consid- 
ered apart from other tests involving K*, two alternative mechanisms could ac- 
count for the finding of normal backcross ratios in plants heterozygous for K*. 

One interpretation is that the effect is due to an unknown factor which is caus- 
ing a reduction of K* transmission through the female gametes. It has been previ- 
ously demonstrated that there was a probable reduction of K* transmission 
through the pollen. If such be the case in the female, then the ears should exhibit 
approximately 20 percent of ovule sterility. A number of ears were examined 
for ovule abortion but no appreciable amount was found. However, a small 
amount of ster:lity might not be detected unless numerous ovule counts were 
made. 

A second explanation of the normal 1:1 backcross ratios from K* & plants is 
that crossing over was suppressed in chromosome 10. As mentioned before 
Ruoapves (1958) reported that preferential segregation was lowered when cross- 
ing over was also reduced. If for some reason the presence of the K* chromosome 
inhibited crossing over throughout the entire arm of 10L the ratio of K*:k should 
be 1:1 instead of 0.7:0.3. From the evidence available at present there is a possi- 
bility that crossing over is decreased in the G-R region from 14 to 10.3 percent 
but there is not the complete suppression which would be necessary in order to 
account for the observed 1 K*: 1 & ratios. Crossover data from the R-K segment 
have not yet becn obtained. Consequently, the interpretation of suppressed cross- 
ing over lacks suffic:ent support from the data on hand but cannot be excluded. 

The interpretation that a factor for preferential segregation is missing from 
the K* chromosome is immediately excluded on the basis of the data from plants 
heterozygous for K°. It follows that if the preferential segregation factor were 
present in either the distal one half of the knob or in the euchromatin distal to 
the knob, then the K° chromosome without these segments should not segregate 
preferentially. The results show, however, that K° segregates preferentially. 

Since the genetic data exhibit no evidence of preferential segregation of K* in 
the heterozygote, it was of interest to examine these plants cytologically in order 
to determine whether neocentromeres were formed. The expectation here is that 
the neocentric activity would be absent since preferential segregation did not 
occur. Before describing the cytological observations, a word of caution must be 
added. The absence of preferential segregation in plants of K* k constitution does 
not necessarily mean that the K* chromosome behaves normally in other chromo- 
somal combinations. It will be shown that K* behaves similar to K10 in plants of 
K* K constitution. Consequently, the cytological evidence from K* k plants should 
be interpreted with this in mind. 
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Examination of microsporocytes established that neocentromeres were formed 
in plants of R K*/R K* constitution. Typical anaphase II configurations are illus- 
trated in Figures 7 and 8. In Figure 7 it will be noted that the arms of two of the 
monads in the upper group are moving poleward in advance of the true centric 
regions. Figure 8 shows neocentric regions in three monads migrating to the 
upper pole and in three monads moving to the lower pole. 

From these observations there appears to be a reduction in the degree of neo- 
centric activity of K* when compared with an unchanged abnormal 10 (see 
Ruoapves 1952 for figures of neocentric activity in plants with abnormal 10). 
This difference may be due to variation introduced by the stocks, or to an effect 
of the K* chromosome. There is ample evidence to prove that the extent of neo- 
centric activity varies markedly in stocks heterozygous and homozygous for 
abnormal 10. When a random sample of six plants carrying heterozygous ab- 
normal 10 was examined. only two of the six plants had neocentromeres, while 
the other four plants which showed genetic evidence of preferential segregation 
were without neocentromeres. In view of this variation it will be necessary to 
compare the degree of neocentric activity in sib plants of K* k, K k, and k k types 
before any conclusion can be drawn in regard to the apparent reduction observed 
in K*, 

Consequently, from the limited cytological information available on the neo- 
centric activity of the K* chromosome, we can be reasonably certain of only one 
conclusion: some degree of neocentric activity occurs in the absence of prefer- 
ential segregation. This evidence does not disprove RHoapeEs’ hypothesis on the 
role of neocentromeres in preferential segregation, but it is inconsistent with it. 
It is conceivable that a certain amount of neocentric activity is required before 
the chromosomes will segregate preferentially. If such be the case, the cytological 
results reported here would be without much significance unless the apparent 
reduction of neocentric activity proves to be invalid. 

K° k Test: When plants of R K° /r k type were used as the female parent in 
backcrosses, the percentage of K° transmission was 52.7 (Table 2). This differs 
significantly from the normal 50 percent expected on basis of random segregation 
of the two types of chromosome 10. and also from the 70 percent predicted on the 
basis of preferential segregation of the knobbed chromosome. Thus the result 
shows that the K° chromosome is able to segregate preferentially, although at a 
much reduced rate. 

It is obvious that the data reported here are inconsistent with the data of K*, 
as shown in the previous section. In the case of K* & plants, in which the modified 
chromosome possesses not only the three characteristic chromemeres but also 
part of the knob, the two types of chromosomes segregated wholly at random, In 
the K° k heterozygotes, in which the entire knob 10 is missing, the K° chromosome 
segregated preferentially in 52.7 percent of the functional megaspores. Why 
should K° segregate preferentially if K* does not, for the latter has more of the 
original abnormal 10 than the K°? This immediately raises the question as to 
whether or not the data from the K* & heterozygote represent an actual lack of 
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Figures 7—10.—Show neocentric activity in plants homozygous for the modified chromosome 
10. Figure 7 shows an anaphase II cell in a plant homozygous for K*. The two monads which 
exhibit neocentric regions are indicated by arrows. Figure 8 is another anaphase II cell in a 
plant homozygous for K*. In this cell, six monads possess neocentromeres of which three are 


migrating to the upper pole and three to the lower pole. Figure 9 is metaphase II in a plant 
homozygous for knob°. The first dyad from the left has formed neocentromeres in each arm; 
also one other monad shows a neocentric region. Figure 10 is early anaphase II in a plant homo- 
zygous for knob°. Neocentric regions are exhibited by four monads directed to the upper pole 
and by two to the lower pole. 
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preferential segregation on the part of the K* chromosome, or if some other 
mechanism is involved which is masking the true behavior of K*. Unfortunately, 
this cannot be answered from the data available at the present time. 

The results from plants of K° & constitution are of interest for two other 
reasons: (1) the formation of neocentromeres occurred in the absence of the 
heterochromatic knob; and (2) a slight degree of preferential segregation also 
occurred in the absence of the knob and distal euchromatic segment. These two 
points will be discussed in the following paragraphs. 

Cytological examination showed that neo-centromeres were formed in plants 
of R K°/R K° type. Figure 9 illustrates a typical metaphase II stage in which two 
dyads possess neocentric regions. Figure 10 shows an early anaphase II stage in 
which four monads exhibit neocentric activity. The fact that neocentromeres are 
formed in the absence of the large heterochromatic segment is of interest, since 
it was suspected that the knob plays an important role in their production 
(RuoapeEs 1952). The observations of K° plants do not necessarily indicate that 
the knob is without function in the formation of neocentromeres. It will be seen 
in the photomicrographs of K° that the degree of neocentric activity, as indicated 
by the number of dyads with neocentric regions and the extent of attenuation of 
the chromosomal arms, is not as great as it appears in plants with abnormal 10 
(see RuoapEs 1952) but is similar to what was found with K*. It is conceivable 
that the absence of the knob in the K° chromosome. while not completely inhibit- 
ing the expression of neocentric activity, has the effect of diminishing it. That is, 
the presence of only the three prominent chromomeres of the K° chromosome 
may not be sufficient for the maximum expression of activity. 

Still another interpretation, that of variation, can be considered as applicable 
to the discussion on the reduced neocentric activity in the K° chromosome. This 
possibility has been mentioned previously in connection with the apparent reduc- 
tion of neocentric activity in the K* chromosome. To test this possibility it would 
be desirable to examine a number of K° stocks of diverse background in order to 
determine whether any one stock exhibits more neocentric activity than another. 
It would also be essential to make sib comparisons of the degree of neocentric 
activity in K° and in abnormal 10 plants. 

Until these tests have been completed. both alternative interpretations—actual 
reduction and variation—are equally compatible with the present cytological 
observations. It can be concluded, however, that some degree of neocentric activity 
occurs in the absence of the knob. Whether the segment bearing the three deeply 
staining chromomeres carries an agent responsible for the production of neo- 
centromeres is unknown. Preliminary examinations of an abnormal chromosome 
10 which lacks this segment but has the normal knob and the strand distal to the 
knob, showed no neocentric activity in 390 metaphase II and 41 anaphase II cells. 
However, cytological observations of one sib plant carrying a heterozygous ab- 
normal 10 without the deficiency also exhibited no neocentric activity in 344 
metaphase II cells. In view of the absence of neocentromeres in a sib plant it 
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becomes less certain that the lack of neocentromeres in plants carrying a deficien- 
cy for the three chromomeres is of any significance. 

Another observation of interest in the K° k& study was the fact that the K 
chromosome segregated preferentially in 52.7 percent of the functional mega- 
spores. These data could be interpreted to mean that the heterochromatic segment 
and possibly the euchromatic strand distal to the knob, which are missing in the 
K° chromosome, have a pronounced effect on the degree of preferential segre- 
gation. Without this additional chromatin the maximum amount of preferential 
segregation may not be manifested. Another interpretation is that the K° chromo- 
some is associated with an aberration which is reducing its viability. This is rather 
unlikely for the reason that male transmission tests and pollen examination pro- 
vide no such evidence. Also, no appreciable amount of ovule sterility was found 
on K° k ears. There is also the possibility that crossing over was reduced in the 
G-R region. but this could be explained on the basis of variation. Thus it seems 
probable that the knob and the distal euchromatic strand play an important role 
in the manifestation of preferential segregation. 

2. Tests of K* and K° chromosomes with abnormal 10: In experiments de- 
signed to test the behavior of the modified chromosomes 10 with an unchanged 
abnormal 10. plants of R’ modified-K /R’ modified-K type were crossed with a 
stock homozygous for abnormal 10 and R*‘, a stippled R allele. These F, plants of 
R’ modified-K /R*' abnormal-K constitution were used as the female parent and 
were backcrossed to a pollen parent homozygous for r’ k. In crosses of this type, 
the fully colored seeds identified the modified knobbed chromosome while the 
stippled seeds identified the abnormal 10. Where the classification of seed color 
was questionable, the type of plant color (which is closely linked with seed color) 
was used to identify the two chromosomes; the R allele of the modified knob was 
linked with colored plant, while the R*! allele of the abnormal knob was without 
plant color. 

Control Test: One type of control cross. in which the abnormal 10 carried R*' 
and the normal knobless 10 carried r, gave 70.2 percent preferential segregation 
of the knobbed chromosome (Table 3). Data from a second type of control cross, 


TABLE 3 


The behavior of KS and K° when tested with an unchanged abnormal chromosome 10 in crosses 


of R® K (modified)/RS' K (unchanged) « rk/rk 





Numbers of 
Unchanged Knob Percent 
Parental Total K less unchanged a x° 
Knob type culture population (R*! K rh K 50:50 Pp 70:30 p 
Rst K (unchanged) /r k 57:144 8,297 5,825 2.472 70.2 


Unchanged Modified 
K K 


R“* kK R’ K* 
Rs! K (unchanged) /R’ K* 57:142 8,845 4,798 4,047 54.3 63.76<0.01 
7 


R*' K (unchanged) /R’ K° 57:143 10.284 6,659 3.625 648 895.10<0.01 134.92<0.01 





* K represents modified knob chromosomes 10 
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in which the same knobbed R*' chromosome was tested with another abnormal 
10, are not available at this time. RHoapes (1952), who tested a compound of 
R K /r K constitution found normal 1:1 ratios for the R locus. As mentioned before, 
he concluded that preferential segregation of chromosome 10 does not occur in 
the homozygote (K K). 

K* K Test: A photomicrograph of a K* chromosome paired with an abnormal 
10 is shown in Figure 11. This configuration reveals the three homozygous chro- 
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Figure 11.—Shows abnormal 10 paired with knob*. Note that synapsis is normal throughout 
the entire length of the chromosomes. 

Figure 12.—Early anaphase II in a plant with an abnormal 10 and knob* chromosome. Neo- 
centric regions are exhibited by two to three monads going to the lower pole and one to the upper 
pole. 

Figure 13.—Represents abnormal 10 paired with knob°. This figure shows that no gross 
abnormality is present in the knob® chromosome since pairing is normal. 

Figure 14.—A metaphase II cell from a plant with an abnormal 10 and knob® chromosome. 
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momeres of the long arm, as well as the absence of a structural modification in 
the K* chromosome for pairing is normal in its entire length. The strand distal to 
the knob appears double rather than single in this particular figure. The reason 
for this is that in maize the two chromatids comprising each chromosome can 
often be seen in unpaired regions. 

The results from tests of the K* K compound are given in Table 3. The percent- 
age of abnormal K transmission was 54.3 which was wholly unexpected on the 
basis of previous evidence. It will be recalled that in the K* & test, the K* chromo- 
some behaved similar to a normal knobless 10 for it did not segregate preferen- 
tially. Accordingly. if the K* chromosome is without effect on preferential segre- 
gation in the heterozygote, it might be expected that it would show no effect when 
tested with an abnormal 10. If such be the case, then the expected frequency of 
abnormal 10 would be 70 percent, since K* K should act similarly to K 4. On the 
other hand, if for some unknown reason both knobs of the K* K compound were 
equally effective, then the expected frequency would be 50 percent, as shown by 
RuoaveEs (1952). The data in Table 3 show that the ratio of K10: K* is not greatly 
different from a normal 1:1 ratio. This definitely does not support the previous 
suggestion that the K* chromosome is without the ability to segregate preferen- 
tially. The slight excess of abnormal 10 above 50 percent could be ascribed to 
either megaspore competition between the two types of knobbed chromosomes, 
or to a reduction in viability of the K* chromosome. 

Cytological examinations of K K* plants exhibited neocentric activity at the 
metaphase II and anaphase II stages. Figure 12 illustrates an early anaphase II 
cell in which only a few of the monads exhibit neocentromeres. In this compound 
it might be expected that the neocentric activity would be greater since an ab- 
normal 10 is present. However, the configurations of this particular stock dis- 
played reduced neocentric activity. similar to that which was found for K* & and 
K° k. 

K° K Test: A pachytene configuration of a K° chromosome paired with ab- 
normal 10 is shown in Figure 13. This photomicrograph shows that no gross cyto- 
logical aberration is present in the K° chromosome for pairing is normal. It will 
be also noticed that the three chromomeres of the long arm are homozygous, and 
that the chromosomes appear double up to the knob which is in agreement with 
Figure 5. The most distal chromomere in Figure 13 corresponds to the second 
most distal chromomere in Figure 5. The last chromomere in Figure 5 is appar- 
ently either the last chromomere adjacent to the knob, which is not visible in 
Figure 13, or a small fraction of the knob. 

The genetic results in Table 3 show that 64.8 percent of the backcross progeny 
of K° K plants possess the abnormal 10. As explained before in connection with 
the data from K* K heterozygotes, the expected frequency of abnormal 10 in the 
presence of two equally effective knobs is 50. In cases where one knob is less 
effective than the other, the percentage of K is predicted to lie between 50 and 70. 
Inspection of the data of K° K compounds demonstrate that while K° is included 
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less often in the functional megaspores than K, it is not wholly without some ca- 
pacity to compete with abnormal 10. If the K° chromosome were without any 
effect. then approximately 70 percent of the functional megaspores should include 
abnormal 10 instead of the 64.8 percent which was observed. It could be argued 
that the difference between 64.8 and 70 percent is not real since sib comparisons 
were not made. However, the data from the K° & test are against this view. It was 
shown in Table 2, that when K° was tested with a normal chromosome, 52.7 
percent of the functional megaspores included K°. Consequently, the K° chromo- 
some should also exhibit a slight degree of preferential segregation in the pres- 
ence of an abnormal 10, which it did. For this reason the results from K° K are 
not unexpected and are consistent with the previous data of K° k. 

The extent of neocentric activity observed in K° K plants (Figure 14) was 
much the same as found in K* k. K° k, and K* K plants. Here again the degree of 
neocentric activity appears reduced as compared with homozygous abnormal 10 
(see Ruoapes 1952). 

3. Test of K° with K*: The results from crosses of type R K°/r K* x r k/r k,in 
which the two modified chromosomes were tested against each other, are pre- 
sented in Table 4. The data show that the K° chromosome was included in ap- 
proximately 51.9 percent of the functional megaspores, a value which deviates 
significantly from 50 percent. Thus the K* chromosome is less effective than the 
K° chromosome. 


B. Effect of modified chromosomes 10 on preferential segregation 
of chromosome 9 


The effect of the K* and K° chromosomes on preferential segregation of hetero- 
morphic chromosome 9 bivalents was studied by using RHoapEs’ method (1955b). 
Plants which were heterozygous for modified chromosomes 10 and for knobbed 
chromosome 9 were backcrossed as the female parent by a stock homozygous for 
knobless chromosomes 9 and 10. The degree of preferential segregation for the 
knobbed chromosome 9 was measured by using the wd character which is a mi- 
nute deficiency for the tip of the short arm of chromosome 9 (McCuirnrock 
1944). The advantage of using this deficient chromosome as a marker is that it is 
always associated with the knobless chromosome 9, and it has no effect on vi- 
ability. The knobbed chromosome 9 used in these tests carried the marker Wd 
and a large terminal knob (K“) on the end of the short arm (Figure 15). 


TABLE 4 


The results from crossing females heterozygous for K® KS to males homozygous for knobless 10 


(299 RK°/rKS x 66 rk/rk) 





Numbers of 
Total Colored Colorless Percent 
population R ke r K8 Ke x° P 


12,153 6308 0—ti(i«é‘«éS‘*«‘ AS 51.9 17.62 <0.01 
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Ficgure 15.—A chromosome 9 with a large terminal knob on the short arm. 
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Figure 16.—The origin of two modified abnormal chromosomes 10 resulting from crossing 
over in a ring-10/rod heterozygote. The ring chromosome includes the three prominent chromo- 
meres of an unchanged abnormal 10 and approximately one half of the original knob. 
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Test of K*: In the test with the K* chromosome, the cross was of the following 
type: K*10/A10. K“9 Wd/k9 wd = k10/k10, k9 wd/k9 wd. The data are summa- 
rized in Table 5. These results show that the knobbed chromosome 9 carrying Wd 
was included in 53.5 percent of the functional megaspores, a value which devi- 
ates significantly from 50 percent at the one percent level. Thus K* 10 has some 
effect on preferential segregation of K” 9. Had the K* chromosome been without 
any effect on chromosome 9, the percentage of Wd should have been 50, for a 
heterozygous knobbed chromosome 9 does not segregate preferentially in the ab- 
sence of abnormal 10 (RHoapes 1955b). If, on the other hand, the K* chromo- 
some were wholly efficacious. then approximately 68 percent of the functional 
megaspores would include the K“ 9. This percentage is based on the 1958 data of 
KikuUDOME who used the same sized knob on chromosome 9 as was employed in 
the tests of the K* chromosome. 

Test of K°: The data obtained from tests of K° on preferential segregation of 
the knobbed chromosome 9 are presented in Table 5. The cross is the same as that 
described in the previous section. The result shows that 53.2 percent of the func- 
tional megaspores received the K’ 9 chromosome. This percentage deviates sig- 
nificantly from 50 at the one percent level. 

The effect of K° on K" 9 was low, as might be expected, since the other tests 
involving K° also showed a low degree of preferential segregation. It will be 
recalled that in the heterozygote (K° 4) only 52.7 percent of K° was found in- 
stead of the usual 70 percent. Similarly, in the case of the K° K analysis, 35.2 
percent of K° was recovered rather than the normal 50 percent. Therefore. the 
data presented here are consistent with the previous findings. 

From these observations it is possible to conclude that the K° chromosome has 
some effect on the segregation of the knobbed chromosome 9. This is of interest 
since previous workers (LoNGLEy 1945; RHoapeEs 1955b; RHoapes and DEMPsEY 
1957; Kikupome 1958) have shown that preferential segregation of other 
knobbed chromosomes occurred only in the presence of abnormal 10 with the 
large heterochromatic segment. The K° chromosome which lacks this knob is 
still capable of influencing the behavior of chromosome 9. However, the effect is 
greatly reduced, a fact which could be attributed to the absence of the hetero- 


chromatic segment. 


TABLE 5 


The effect of KS 10 and K® 10 on the behavior of the knobbed chromosome 9 in crosses of 
Q 2 modified K 10/k 10, K& 9/k 9 x & 6 k 10/k 10, k 9/k9 





Parental Potal Wd wd Percent ad 


Knob type culture population KLO k9 Wd 50:50 p 
K* 10/k 10, Wd K" 9/wd k 9* 37:158 4.172 2,233 1,939 $3.5 20.72 <0.01 
K° 10/k 10, Wd K" 9/wd k 9 37:159 5,337 ? 840 2.497 53.2 22.04 <0.01 





* Knobbed chromosome 9 was marked for Wax in 2338 of the 4.172 gametes tested. The K"” 9 chromosome showed 
approximately 52 percent Wx. 
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TABLE 6 


The summarized results of the modified chromosomes tested with a normal knobless chromosome 
10. an abnormal 10, and a knobbed chromosome 9 





Female transmission Male transmission 


Knobless 10 Abnormal 10 Knob! 9 Knobless 10 
Abnormal 10 70.2 50.0* 68.0+ 44.2 
Knob§ 10 $9.5 54.3 53.5 36.9 
Knob® 10 52.7 64.8 53.2 49.3 


KS/K°—51.9 percent. K°. 
G-R recombination in K°k 10.3 percent. 
G-R recombination in KS k = 11.5 percent. 





* Data from Ruoapes (1952 
Data from Kikupome (1958 


SUMMARIZED RESULTS 


The summarized results of the modified chromosomes tested with a normal 
knobless chromosome 10, an abnormal 10, and a knobbed chromosome 9 are 
shown in Table 6. In the first three columns the percentage of female trans- 
mission (or preferential segregation) are recorded. Column 1 shows the results 
from tests of the various knobbed chromosomes 10 with a normal knobless 
chromosome. Column 2 gives the percentages of abnormal 10 resulting from trials 
with the modified chromosomes. In column 3 the effect of the modified chromo- 
somes on a knobbed chromosome 9 are recorded in terms of the frequency of 
knobbed chromosome 9 segregation. The last column refers to the percentages of 
the various knobs resulting from male transmission tests. Immediately below the 
table the frequency of K° in K° K* heterozygotes is given. The percentages of 
recombination in the G-R region in plants of K° & and K* k constitution are also 
shown below the table. 


SUMMARY 


(1) An analysis was made of the effects of two structurally modified chromo- 
somes 10 on preferential segregation of chromosomes 9 and 10. 

(2) The knob° chromosome, an altered abnormal 10 without the heterochro- 
matic strand, has a reduced effect on the segregation of chromosomes 9 and 10. 
This suggests that the knob and the distal euchromatic thread play an important 
role in the manifestation of preferential segregation. The knob° chromosome 
also shows an apparent reduction in the degree of neocentric activity, a fact 
which could be ascribed to the absence of the heterochromatic segment. 

(3) The knob* chromosome, an altered abnormal 10 lacking about one half of 
the heterochromatic segment and distal euchromatic strand, shows normal 1:1 
ratios when tested with a knobless 10 but forms neocentromeres. In tests with an 
abnormal 10 and a knobbed chromosome 9, knob* has some effect. At the present 
time it is difficult to formulate a single hypothesis that would account for the 
contradictory results from the K* chromosome. 
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